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ABSTRACT 
The age at menarche is fairly an accurate measure of physical 
development and the approaching psychosexual maturity of pubertal girls. Described 
as the most striking factor in the whole process of female maturity, the age at menarche is 
an important factor in health planning and future development. 
Most of the research studies in this area have revealed that age at 
menarche is affected by a number of factors like heredity, family size and place of 
residence. Research workers like Tanner 1976, Alan D. Rogol et al. 2000; T. 
Kazrerooni et al. 2000 , had shown in their studies that age at menarche is affected 
by both heredity and environment. According - to other research workers like 
Kakkilaya Bevinje and Dr. Srinivas (2005 , in Nigeria), Th. Sqmola Devi and 
W.Nabakumen et al. (2007, in Manipur); Farruggia Chen and' F^rrugia S. (2002 , in 
California); Evelette ^ d Tanners (1990); factors such-ras SES and nutritional status 
play a vital role than others 
In spite of much pioneer work done on adolescent growth during 
recent years, there is lack of knowledge on different aspects of adolescents 
especially on the development of secondary sexual characteristics in developing 
countries like India . The rate at which girls progress through the stages of 
puberty, the relationship of one event to another and the association of occurrence 
of menarche has been well documented in various longitudinal studies done only 
in various European countries by Marshall W.A., Tanner J.M. (1969); Tanner J.M., 
White House R.H.,(1976); and by M. Siegel (2002) in New York . According to 
Marshall and Tanner, 1976, the adolescent growth spurt, the development of tiie breasts 
and growth of the pubic hairs occur more or less concurrently and take on an average 
about 3 years from beginning to completion, with menarche occurring usually in the later 
half of this period. Tanner (1962) explained that sexual maturity rating comprise of two 
parts in the girls namely breast stages and pubic hair stages, with five developmental 
stages in each category. Besides these, studies are confmed regarding various factors 
affecting menarche age especially weight, height, BMl & SMR stages reported 
from India. Also there is lack of research on aspects as relation between 
amenorrhea, dysmenorrhea, and age at menarche. 
Keeping the above mentioned facts in mind, the present cross sectional 
study was conducted on adolescent secondary school girls (aged 10-15 years) with 
an objective to know the mean age at menarche and its associated correlates. The 
aim of the study was to establish possible correlation between variables like SES, 
nutritional intake , BMI, anemia, blood pressure and age at menarche. Comparisons 
of sexual maturity rating (SMR) stages of menarcheal and non-menarcheal subjects 
was done using Tanner's (1976) classification. Relationship of age at menarche 
with various menstrual problems like PMS, amenorrhea and dysmenorrhea were 
also noted. 
In order to arrive at the above mentioned objectives, the present study 
was conducted in four secondary schools at Aligarh city. Schools were selected by 
stratified random sampling procedure from four different regions keeping in mind 
that giris of all socioeconomic groups are included in the study, so that the 
possible correlation between different variables including SES and age at menarche 
could be established. Each of tfie selected schools included students firom all 
religions. 
The total population of females attending schools in Aligarh city in 
the age group 1 0 - 1 5 years was approximately 26,450 [source : District Basic 
Education Officer (session, 2004-2005)].The population in the four selected schools 
was approximately 2,250, which was calculated out to be 8.5% of total. The 
selected sample of study ( N=700) was 2.6% of the total female population. A prior 
pilot study was done to assess the prevalence of menarcheal girls between 1 0 - 1 5 age 
group. The sample size was calculated on that prevalence basis. The number of 
girls selected from each school was proportional to the sample size. The whole sample 
was divided into two groups - menarcheal and non-menarcheal. 
A detailed personal and family history, specially age of the girl, her 
age at menarche, mothers age at menarche was enquired into. Each girl was then 
subjected to a thorough physical examination with emphasis on anthropometric 
measures and sexual maturity Rating (SMR) stages. Each selected giri during 
a regular classroom hour was asked to fill in a preformed and modified 
questionnaire including the above mentioned details. The questionnaire 
was divided under the five main headings as General information, SES, 
Physical examination. History of menstrual cycle and Diet survey. 
For the assessment of nutritional status in the present study Body Mass 
Index (or Quetlet Index) was calculated (Kg/m'').A 24 hour dietary recall method of the 
previous day was utilized for the purpose of getting the dietary intake. The pubertal 
growth was assessed by means of Tanners (1976) stages of sexual Maturity rating (SMR). 
For assessing the socioeconomic status (SES) B.G. Prasad meth(Ki of socioeconomic 
classification (modified as per 2002) was used. Anaemia was assessed by the method 
of clinical examination and the presence of pallor was looked for. 
On the basis of above mentioned techniques the following results were 
observed: among the total 700 selected girls 400 (57.2%) girls had attained their 
menarche and 300 (42.8%) were non menarcheal. The values of BMI given by ICMR 
(2002) were used to classify adolescents into underweight (BNlKKg/m""), normal (BMI 
18-12 <g/mO overweight (BMI 25-30 kg/m^ and obese (BMI >30kg/mO. A significantly 
high proportion of menarcheal girls were found underweight, only 5 girls were 
overweight. None of the subjects was found obese. On analyzing and comparing Hei^t 
and weight with ICMR nonns (Aggarwal et al, 1992) and NCHS standards (2004), it was 
observed that girls who had attained menarche after the mean age (late matures) had 
weight below the expected weight at the respective ages, while the early matures had 
weight above the expected values. On the other hand the mean weight of non menarcheal 
girls was found less than the expected values at all ages except 10 years. There was no 
significant difference found in the height of menarcheal and non-menarcheal girls of 
same age. 
On assessing the diet history, it was noted that a 24 hour dietary recall 
method is more likely to produce a reliable estimate of intake where a regular meal 
pattern is followed. After calculating the total intake of calories, proteins and iron par 
day, it was found that the differences between the calorie, protein and iron intakes of 
menarcheal and non-menarcheal girls were statistically significant. Among the 
menarcheal girls, a significantly high proportion of girls (66%) had low calories int^es 
(Below average). Only 22.7% girls took proper calories. The mean intakes of iron fall 
short of ICMR standards irrespective of age and menarcheal status. 
The pubertal growth was assessed by means of Tanners (1976) stages of 
sexual Maturity rating (SMR). Majority of the menarcheal girls were found in the SMR 
stage III or IV, whereas the non menarcheal girls were found between stages I and III. On 
assessing the socioeconomic status (SES) by method of B.G. Prasad socioeconomic 
classification (modified as per 2002), the difference between the mean SES of 
menarcheal and own menarcheal girls was found to be statistically insignificant. For 
assessing the presence of anemia through clinical examination, for the presence of pallor, 
a significant proportion of the selected girls (31.8%) were found with mild anemia and 
11% girls were moderately anaemic. None of the girls were found with severe degrees of 
iron deficiency, whereas 57.2% girls were fi-ee from anemia. 
In the present study the maximum percentage of girls (28.3%) attained 
menarche at the mean age of 13.3 years. The percentage drops gradually as the mean age 
of attaining menarche decreased with minimum %age of girls (2%) attaining menarche at 
the mean age of 9.9. years. The overall mean menarcheal age in the present study was 
found to be 12.36 ±1.16 years. The present finding compared well with most of the 
North Indian studies especially to a multi centric ICMR (1992) study and NFI (1989) 
study. 
On analyzing the various problems faced at the time of menarche and after 
wards it was found that age at menarche was strongly correlated with the presence of 
amenorrhea and pre-menstrual symptoms (PMS). On the other hand, preserves of painful 
menstrual periods (dysmenorrhea) and dysfunctional uterine bleeding were not affected 
by age at menarche. 
After taking into consideration the results of the study it may be concluded 
that the age at menarche was strongly correlated will religion. The maximum % age of 
early menarcheal girls (77.6%) found among Muslim, and maximum % age of late 
menarcheal girls (64.5%) were found among Hindus. In our country eating habits are 
highly influenced by religion. It is quite evident from studies tiiat meat and fish 
taking girls experience menarche at lower ages ( Seung Kupku and Jong won 
Kang et. al. 2006, in an study on North Korean refijgee girls). 
Age at menarche was positively correlated with fathers literacy level and 
occupation. Whereas no significant difference was found between menarcheal and non 
menarcheal girls according to mothers education and working status. This factor could 
be related to the fact that girls from higher social classes attain menarche earlier 
than girls from lower social backgrounds . SES was also significantly associated with 
age at menarche. The number of girls in early maturing population increased with rising 
income group. 
Early menarcheal girls (9.5 - 11.5 years) showed maximum mean body 
weight of 43.5 kg; 1.5 kg more than mean weight of normal menarcheal girls (11.6 - 13.5 
years). Late matures showed minimum mean body weight of 39.7 kg, approximately 4 kg 
less than the weight of early matures. The mean BMI of menarcheal girls was found 
higher than the mean BMI of now menarcheal girls of same age. 48% menarcheal girls 
were found underweight as compared to 78% among non-menarcheal girls. 50.7% 
menarcheal girls were found with normal BMI as against only 22% non-menarcheal girls. 
Only the prevalence of over weight was found to be 1.25% among menarcheal girls. 
None of the subjects was found obese. 
The percentage of bottle-fed girls was highest among early matures (72.8%), 
whereas the percentage of breast-fed girls was highest among late matures (75.8%) as 
compared to early matures (27.1%). There is lack of available literature to date 
showing the extend to which breast feeding or bottle feeding during infancy 
affects the age at menarche . Therefore the present study covers the aspects which still 
need much attention in developing countries like hidia. The percentage of non-
vegetarian girls was high (16%) among early matures as compared to only 2.7% 
vegetarian. Mean calories intake of menarcheal girls was found significantly higher than 
mean intake of non-menarcheal counterparts. Among 400 menarcheal girls, only 22.8% 
took appropriate calories. 8.7% girls had above average calorie intake which constituted 
early menarcheal population. Only 15.8% menarcheal girls took average protein in their 
diets. Very low percentage (7.5%) of girls took average iron. The mean intake of iron fall 
short of ICMR standards irrespective of age and menarcheal status. 
The mean Blood pressure of menarcheal girls was found significantly higher 
than the mean B.P. of non menarcheal girl at same age. The number of girls experiencing 
anemia gradually increased with increasing age of menarche. Out of 700 girls the 
prevalence of anemia was found to be 19.3% among menarcheal girls as compared to 
23.5% non-menarcheal girls. Maximum numbers of menarcheal girls were found in SMR 
III or IV. The mean age of attaining menarche in the present study was found to be 12.36 
±1.16 years. 
g 
Early matures experienced more PMS (53.4%) as compared to nornial and 
late matures (34.5% and 387% re^ectively). No significant correlation was found 
between BMI and PMS(s). Among 400 menarcheal girls, the prevalence of amenorrhea 
was found be 45.6% among early matures, 28.5% among normal matures and 8.06% 
among late matures. A significantly high percentage of non-vegetarian girls (16.5%) 
experienced amenorrhea as against only 6.8% vegetarians. 
Prevalence of dysmenorrhea was found to have no significant correlation 
with age at menarche, but was affected by total dietary intake. The number of girls 
experiencing dysmenorrhea decreased with increasing caloric, protein and iron intake. 
Among the 400 menarcheal giris, the prevalence of dysfunctional bleeding (periods 
extending above 10 day) was found to be increasing with decreased caloric intake. The 
%age of girls without dysfunctional bleeding increased from 70% to 100% with 
increasing calorie intake. These were relatively new findings as there is lack of available 
literature regarding these aspects, especially from India. 
A stepwise multiple regression was done to determine the combination 
of most confounding factors predicting age at menarche. Menarche age was found to be 
most significantly correlated with total calorie intake, mode of feeding in infancy, BMI, 
eating habits and heredity. Among the menstrual problems of the post menarcheal giris 
studied, amenorrhea was found to be the most confounding factor. 
In the end it was found that there is a n e ^ of increasing public 
awareness concerning the needs of adolescent girls throu^ community activities and 
conferences, implementing programmes to enable girls to acquire skills, and increasing 
joint programmes between giris and boys for improving gender sensitivity. 
It is also worth mentioning that adolescent girls had not received the 
attention they deserve in our country. There is lack of researches regarding various 
aspects of adolescent health. Factors like menarche age and it's relation ship with height, 
weight, BMI, and SMR stages are still least covered in researches. There is lack of 
enough literature on various menstrual problems like amenorrhea, dymenorrhea, PMS 
and age at menarche. The results of the present study may be used as guidelines for 
nutrition and health promotion in the girls of menstruating age. Improved understanding 
of the physiology of menstrual cycle may result in the discovery of more effective 
treatment regimens. 
A STUDY OF AGE AT MENARCHE AND ITS ASSOCIATED 
CORRELATES AMONG ADOLESCENT GIRLS 
THESIS 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 
Bottor of ^f)ilo£(oi)f)p 
IN 
HOME SCIENCE 
By 
RAFIA BANO 
Under the Supervision of 
Dr. Anisa M. Durrani 
Reader. Oeptt. of Homes Science, AMU 
DEPARTMENT OF HOME SCIENCE 
FACULTY OF AGRICULTURAL SCIENCES 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2009 
T7911 
CONTENTS 
Page No. 
Certiftcate 
Acknowledgment i-ii 
List of Tables Hi-vi 
List of Figures vii 
List of Abbreviation viii 
List of Appendices ix 
Chapter!. Introduction h i2 
1.1 Adolescence - the crucial phase 2 
1.2 Puberty 2 
1.3 The Menstrual cycle 3 
1.4 Menstruation - problem & consequences 4 
1.5 The pubertal changes 5 
1.6 Critical weight hypothesis 6 
1.7 Scenario of adolescent population in India 6 
1.8 Plight of the giri child 7 
1.9 Health problems of adolescent giris 8 
1.10 Age at menarche, associated factors 8 
1.11 Scope of the study 9 
Objective & hypothesis 11-12 
Chapter 2. Review of literature 1 3 ' 69 
2.1 The Adolescent personality 13 
2.2 Growth during Adolescence 14 
2.3 Stages of Adolescence 15 
2.4 Pubertal development and growth spurt 16 
2.5 Changes during adolescence 19 
2.5.1 Morphological changes 22 
2.5.2 Stages of Sexual Maturity Rating (SMR) 22 
2.5.3 Body weight and sexual maturity 24 
2.5.4 Metabolism and nutritional aspects 26 
2.5.5 Growth and menarche 27 
2.6 Physiological changes during adolescence 27 
2.7 Female Hormones 29 
2.8 Other Physiological changes 29 
2.9 Psychological changes during adolescence 30 
2.10 Body composition and sexual dimorphism 30 
2.11 Clinical application of pubertal growth principles 31 
2.12 Timing of puberty 32 
2.13 Mean age for different SMR stages from various studies 33 
2.14 Factors affecting age of puberty and menarche 36 
2.14.1 Heredity 40 
2.14.2 Nutrition 41 
2.14.3 Physical & social environment 42 
2.14.4 Socio economic Status 42 
2.14.5 Physical activity 43 
2.14.6 Nutritional status and BMI 44 
2.15 Mean age at menarche from different parts of the worid 45 
2.16 Kinetics of menstrual cycle 47 
2.16.1 Adolescent bleeding 49 
2.16.2 Adolescent infertility 49 
2.17 Health problems during adolescence 50 
2.17.1 Medical problems 50 
2.17.2 Genitourinary and Gynecological Disorders 50 
2.17.3 Mental health problems 51 
2.18 Growth problems during adolescence 52 
2.19 Menstrual Disorders during Adolescence 53 
2.19.1 Dysfunctional uterine bleeding 53 
2.19.2 Primary Amenorrhea 54 
2.19.3 Secondary Amenoirhea 55 
2.19.4 Dysmenorrhea 56 
2.19.5 Pre Menstrual Syndrome 57 
2.20 Consequences ofearly versus late Matures 58 
2.21 Adolescent Nutrition 60 
2.21.1 UnderNutrition 61 
2.21.2 Micronutrient deficiency 61 
2.21.3 Over weight and obesity 62 
2.21.4 Eating Disorders 62 
2.21.5 Impact of excessive weight control 63 
2.21.6 Improving Nutritional Status of adolescents 63 
2.21.7 Nutritive needs 63 
2.22 Methods used in dietary studies of adolescents 66 
2.23 Environmental and psychological influences on diet 67 
2.24 Diet and the Menstrual cycle 68 
Chapters. Materials and Methods 70^83 
3.1 Locale of the study 70 
3.2 Research design 71 
3.3 Population 71 
3.4 Selection of the particular age groups 72 
3.5 Criteria for choosing the sample 72 
3.6 Selection of population sample 73 
3.7 Pilot study 74 
3.8 Filling of the questionnaire 75 
3.9 History and examination 76 
3.9.1 General information 76 
3.9.2 Socio economic Status 77 
3.9.3 Physical examination 78 
3.9.4 History of the mensfruai cycle 80 
3.9.5 Assessment of SMR stages 81 
3.9.6 Diet survey 82 
3.10 Statistical Analysis 83 
Chapter 4. Result and Discussion 84-155 
Chapters. SuDimary and Conclusion }56'162 
Limitation & Constraints 163 
Recommendation 164-165 
Bibliography 166^186 
Appendices 
Case Reports 
(Dr. Misa M(Durrani /f^^^ DEPARTMENT OF HOME SCIENCE 
Reader m^m^ ALIGARH MUSLIM UNIVERSITY 
ALIGARH -202002 
Certttfcate 
This is to certify that the thesis entitled, "A study of age at menarche and its 
associated correlates among adolescent girls", which is being submitted by 
Mrs. Rafia Bano for the award of Degree of Doctor of Philosophy in Home 
Science, Faculty of Agricultural Sciences, Aligarh Muslim University, is a 
record of student's own work carried out by her under my supervision and 
guidance. The matter embodied in this thesis has not been submitted for the 
award of any other degree. 
M-
Dr. Anisa M. Durrani 
(Supervisor) 
ACKNOWLEDGEMENTS 
First of all, I would like to thank the Almighty, who enable me to 
complete my work. 
I would like to express my most sincere gratitude to my 
supervisor Dr. Mrs. Anisa M. Durrani whose valuable guidance, 
encouragement and of course support was a constant source of inspiration 
for the completion of my work. Her generosity with her time, knowledge 
and experience has been invaluable. 
My sincere thanks to Dr. Prof. Farzana Alim, chairman, and Dr. 
Saba Khan and Ms. Noor-us-Sabah Alam, teachers of the home science 
department, for the help and support they provided. 
I would also like to thank Dr. Salman Khalil, statistician, and Mr. 
Aslam, Department of Community Medicine, JNMC, Aligarh, for their 
valuable guidance and help during the Statistical Analysis. Besides that, 
my sisters (especially my younger sisters), my friends and other people 
who helped me deserve praise for helping me and providing everything I 
needed. I am also thankful to my parents and my husband, for their help 
and cooperation, as without their inspiration and blessings it would have 
been impossible for me to achieve this. Their affection and motivation 
was a constant source of support throughout the ups and downs of my 
Ph.D pursuit. 
My heartiest love and thanks to the young girls (my subjects), 
principals and class teachers of the schools, as without their cooperation 
and support it would not have been impossible for me to complete this 
extensive research work. 
Lastly, I would like to thank my 9 month old son, Jibran and of 
course my young daughters (Injila and Rejaa) whose time I so skillfully 
stole to complete my work. 
The list of people, who had contributed directly or indirectly in 
making this research a success, is a long one. I take this opportunity to 
thank all of them for their guidance and cooperation. 
Rafla Banc 
I l l 
LIST OF TABLES 
Table No. Title Page No. 
I. Distribution of subjects according to different variables 85-86 
„ Distribution of subjects according to age and menarclieal 89 
status 
in. Distribution of subjects according to school and 90 menarcheal status 
jy Distribution of subjects on the basis of religion and 90 
meiarcbeal status 
^ Relationship of religion and age according to menarcheal 91 
status 
VI. Correlation of religion and age at menarche 92 
„ „ Relationship of birth order and age according to 93 
menarcheal status 
VIII. Correlation of birth order and age at menarche 94 
IX. Relationship of father's literacy level and menarcheal 95 
status 
X. Cwrelation of father's literacy level and age at menarche 95 
XI. Relationship of lather's occupation and Menarcheal status 96 
XII. Correlation of father's occupation and age at menarche 96 
XIII. Relationship of Mother's educational level and menarcheal 97 
status 
XIV. Correlation of mother's education and age at menarche 98 
XV. Distribution of mother's working status according to 98 
menarcheal status 
XVI. Correlation of mother's working status and age at 98 
menarche 
XVII, ANOVA for Income group (mean, S.D., %) and age 99 
according to menarcheal status 
XVIII. Relationship of income group and age at menarche 100 
XIX. ANOVA for weight (mean, S.D., %) and age according to 102 
(V 
Menarcheal status 
XX. ANOVA for mean weight and age at menarche 102 
XXI. Comparison of mean weights of menarcheal and non- 104 
menarcheal girls with that of NCHS { NFl Report-
2004)and ICMR (1992) standards 
XXII. ANOVA for height (mean, S.D., %) and age according to 105 
menm;hea] status 
XXIII. ANOVA for mean height and age at menarche 106 
XXIV. Comparison of mean heights of menarcheal and non 107 
menarcheal giris with that of NCHS (2004)and ICMR 
(1992) standards 
XXV. ANOVA for BMI (mean , S.D., %) and age according to 108 
age and menarcheal status 
XXVI. Correlation of BMI and age at mmarche 109 
XXVII. Relationship of mode of feeding in infancy and age 111 
according to menarcheal status 
XXVIII. Correlation of mode of feeding in infancy and age at 111 
menarche 
XXIX. Relationship of eating habits and age according to 113 
menarcheal status 
XXX. Correlation of e^ng habits and age at menarche 114 
XXXI. ANOVA for mean cereal consumption/day and age 115 
according to menarcheal status 
XXXII. ANOVA for mean pulses intake / day and age according to 116 
menarcheal status 
XXXIII. ANOVA for meat/eggs intake (mean, S.D.) and age 116 
according to menarcheal status 
XXXIV. ANOVA for milk and its products intake /day (mean, S.D.) 117 
and age according to menarcheal status 
XXXV. ANOVA for Veg. A consumption / day (mean, S,D.) and 1J8 
age according to menarcheal status 
XXXVI. ANOVA for Veg. B consumption / day (mean, S.D.) and 119 
age according to mraarcheal status 
XXXVII. ANOVA for Fruits consumption / day (mean, S.D.) and J19 
age acc(»tiing to menarcheal status 
XXXVIII. ANOVA for Fats consumption / day (mean, S.D.) and age 120 
according to menarchea} status 
XXXIX, ANOVA for Sugars consumption / day (mean, S.D.) and 121 
age according to menarcheal status 
XL. ANOVA for mean calorie consumption / day and'age 122 
according to menarcheal status 
XLI. Correlation of calories intake / day and age st menarche 122 
XLII, ANOVA for mean proteins consumption / day and age 124 
according to menarcheal status 
XLIII. Correlation of proteins intake / day and age at menarche 124 
XLIV, ANOVA for mean iron consumption / day and age 125 
according to menarcheal status 
XLV. Correlation of iron intake / day and age at menarche 125 
XLVI. ANOVA for Blood Pressure (mean, S.D.) and age 128 
according to menarcheal status 
XL VII. Correlation of Blood Pressure and age at menarche 129 
XLVin. Relationship of Anemia prevalence and age according to 130 
menarcheal ^atus 
XLIX. Correlation of Anemia prevalence and age at menarche 130 
L, Relationship of mother's age at menarche and age 130 
according and menarcheal status 
LI. Correlation of mother's menarcheal age and age at 134 
menarche 
LII. ANOVA for SMR stages (mean, S.D.) and age according 134 
to menarcheal status 
LIII. Correlation of SMR stages and age at menarche 135 
LI V, Distribution of mean age at menarche according to age 136 
LV. Correlation of PMS(s) and age at menarche 139 
LVI. Distribution of PMS (s) according to mean BMI and age 140 
LVII. Relationship of PMS (s) and BMI of menarcheal giris 141 
LVIII. Correlation of Amenoniiea and age at menarche 141 
LIX, Linear Regression Analysis for amenorrhea and calorie 143 
intake according to age of menarcheal giris 
V! 
LX. Correlation of Amenorrhea and eating habits 143 
LXI. Correlation of dysmenorrhea and age at menarche 144 
LXII. Linear Regression Analysis for dysmenorrhea and BMI 145 
according to age at menarche 
LXIII. Correlation of dysmenorrhea and calorie intake/day 146 
LXIV. Coirelation of dysmenorrhea and protein intake/day 146 
LXV. Correlation of dysmenorrhea and iron intake/day 147 
LXVI. Linear Regression Analysis for age at menarche and 148 
medication during dysmenorrhea 
LXVn. Correlation of medication during dysmenorrhea and 148 
mother's literacy level 
LXVIII. Correlation of dysfiinctional uterine bleeding and age at 149 
menarche 
LXIX. Correlation of dysfunctional uterine bleeding and Calorie 149 
intake / day 
LXX. Linear Regression Analysis for Calorie intake and 150 
dysiimctional uterine bleeding according to age 
LXXI. Most significantly correlated variables 151 
LXXII. Combination of factors that best predicted age at menarche 152 
VII 
LrST OF FIGURES 
Figure No Title of the Figure Page No. 
1 Distribution of subjects according to age and menarcheai status S9 a 
2 Distribution ofreligi(»i according to age and menarcheai status 89 a 
3 Distiibution of father's occupation according to menarcheai 9(^a 
status 
4 Mean income group distribution according to age and menarcheai 96 a 
status 
5 Mean weight distribution according to age and menarcheai status 102 a 
6 Distribution of meanhei^t according to age and men^vheal 102 a 
status 
7 Mean BMI distributicm according to age and menarcheai status 108 a 
8 Disti-ibution of mean calorie intake according to age and 108 a 
menarcheai status 
9 Distribution of mean {M'otein intake according to age and 
menarcheai status 
10 Distribution of mean iron intake according to age and 123 a 
menarcheai status 
11 Mean blood pressure according to age and menarcheai status 128 a 
] 2 Mother's menarcheai age according to age and men f^fcheal status 128 a 
of subjects 
13 Mew SMR stages according to age and menarcheai status 134 a 
14 Distribution of amenorrhea according to age at menarche 141 a 
VIK 
LIST OF ABBREVIATIONS 
Abbreviations 
BMI 
SMR 
PHV 
FSHRH 
LHRH 
BP 
FSH 
LH 
LTH 
CNS 
SES 
PMS 
RDA 
NNMB 
NFHS 
NCHS 
ICMR 
NFI 
ADA 
WHO 
LIG 
MIG 
HIG 
Expanded Form 
Body Mass Index 
Sexual Maturity Rating 
Peak Height Velocity 
Follicle-Stimulating Hormone-Releasing Factor 
Leutenizing Hormone Releasing Factor 
Blood Pressure 
Follicle Stimulating Hormone 
Leutenizing Hormone 
Leutetropic Hoimone 
Central Nervous System 
Socioeconomic Status 
Premenstrual Syndrome 
Recommended Dietary Allowances 
National Nutrition Monitoring Bureau 
National Family Health Statistics 
National Community Health Statistics 
Indian Council of Medical Research 
Nutrition Foundation of India 
American Diet Association 
World Health Organization 
Low Income Group 
Middle Income Group 
High Income Group 
(X 
LIST OF APPENDICES 
S.No. 
Appendix 1 
Appendix 2 
Appendix 3 
Appendix 4 
Appendix 5 
Appendix 6 
Appendix 7 
Appendix 8 
Appendix 9 
Appendix 10 
Title 
a)Father's educational qualification 
b)Father's occupation 
a)Mother's educational qualification 
b)Mother's working status 
B.G. Prasad's method of social classification 
Body Mass Index (BMI) 
Classification of Anemia 
Adolescent Blood Pressure levels 
SMR stages as given by Tanner 
Pictorial representation of SMR stages 
Questionnaire 
Recommended Dietary Allowances for healthy growing 
adolescents 
INTRODUCTION 
"The Adolescent girl still remains a young plant that neither gets light nor water. She 
remains the flower that could have blossomed but didn't,.^" 
kamla Bhasin (2002) 
Girls up to the age of 19 comprise about one quarter of India's population (WHO 
Report, 0. P. Ghai, 2003). Despite the fact that the progress of a nation largely depends on 
them, girls receive less health care, nutrition and education due to gender discrimination. 
Apart fix>m this, giris are caught in the cycle of early marriage, pregnancy and child 
bearing. The improvement in economy and provision of basic services in India does not 
help in bringing the ratio of females to males as par, which has been deteriorating. All Uiese 
factors compound to difficulties of adolescent girls who are already vulnerable and face 
physical and psychological deprivations due to the onset of puberty. 
Nutritional deprivation, increased iron dem^d for adolescent growth, excessive 
menstrual losses and early/frequent pregnancies aggravate and exacerbate pre existing 
anemia and its ill effects. Majority of giris are unaware of their nutritional needs (especially 
increasing their food intake to meet calorie demands of pubertal growth), resulting in under 
weight and short stature. 
The poor nutritional status of these would be mothers heightens obstetric risks 
during pregnancy and child birth, and put their infants at risk. In this way the vicious cycle 
continues and in turn affects the national growth as the education and health of women, 
population changes and overall development are closely interrelated. 
One of the main reasons for this menace is unawareness about the various important 
factors, which if adopted and implemented at earliest can solve this problem to some 
extend, as according to NFHS report, the average age of menarche is 13.4, yet 50% of the 
girls aged 12-15 years do not know about menstruation. The lack of information can be 
attributed to the veil of secrecy that surrounds menarche. 
1.1 - Adolescence- the crucial phase: 
In many countries, the concept of transitional period between child hood and adult 
hood is relatively new uispite of the importance of this period among adolescent giris. It is 
a period of greatly enhanced awareness of and attention to the physical status and well 
being. According to Agarwal K.N. et al (2004), "adolescence is a period of experimenting, 
experiencing and expanding. Adolescents need help and guidance in decision making, 
problem solving, critical thinking, developing interpersonal skills, self awareness, empathy, 
coping with stress and managing emotions." 
O.P.Ghai (2000) defined adolescence as the period, which extends from the onset of 
puberty till the time sexual maturity is completed. The age limit proposed by WHO expert 
committee (WHO technical report, 1984) on adolescents is 10-19 years. 
1.2 - PUBERTY, the turning point oflife: 
The term 'puberty' is used to describe different phases of sexual maturation 
between childhood and adulthood, i.e. the point oflife when procreation becomes possible. 
The term pubescent is applied to those in whom secondary sexual characteristics and early 
genital maturation are appearing. According to Harris and Robert, 1987, "Adolescent giris 
are those who have attained "MEMARCHE" (First menstruation). 
Harris Robert, 1987, referred puberty to the biological changes that result in the 
transformation of the child to the adult anatomically and physiologically with c^jacity to 
reproduce and with a clear physical distinction between the sexes. 
According to Carpenter and Rock, 1992, attainment of puberty is associated with 
profound hormonal alterations, the acquisition of secondary sexual characteristics, a short 
lined increase in longitudinal growth rate, and numerous psychosocial changes. Thus, 
puberty is a rather general tenn that connotes the transitorily period between childhood and 
adulthood. The age at which the somatic changes associated with puberty occur is highly 
variable. 
They concluded puberty as that period in the growth and development of the child 
which encompasses the initiations and progression of sexual and physical maturation. They 
describe menarche as only a single event in the combination of physical changes, which 
constitute puberty, and represents an ongoing sexual maturation turn point 
13-The menstrual<ycte: 
Menstruation is defined as the periodic physiological bleeding from the 
endometrium . It's onset, the menarche , occurs usually between the ages 10 - 14 ; 
and it's termination,the menopause,occurs usually between 45-55years. 
Each women's menstrual cycle is an individual pattern of length, intensity 
and variability . Different authors from various parts of the country and outside world had 
reported a wide range of mean menarcheal ages commonly ranging from 11-15 years. The 
length of the menstrual cycle is traditionally a lunar month ,but only 1 0 - 1 5 % are 
exactly 28 days . The range is 24 - 35 days . The average menstrual flow is 
approximately 30 ml, lasting for an average of 5 days. Length of the period does not 
appear to be an indicate of the degree of bleeding. 
The first menstrual period, the menarche, is a late event in the sequence of 
pubertal development in giris, which occurs after the peak of height spurt. It is a 
sign of uterine development and does not signify the attainment of full reproductive 
function. 
1,4 - Menstruation, problems and consequences: 
The recurrent hormonal fluctuation associated with the menstrual cycle interacts 
with diet in important ways. Appetite, hunger, satiety, craving, aversion, all vary with the 
cycle. The variations are subtle in many women but quite performed in others. Variations 
in eating pattern and appetite are a well-recognized occurrence even in normal menstrual 
cycles. Even more extreme variations are characteristic of premenstrual symptom (PMS). 
According to Singh et al (1998), PMS consistent with the syndrome occur in up to 60% of 
women. 
Any understanding of the menstrual abnormalities requires a basic knowledge of the 
normal menstrual cycle. In most women the menstrual cycle is constant and predictable 
during the reproductive years. In adolescents the inter menstrual interval is often quite 
variable due to the frequency of anovulatory cycles. Menstrual irregularities are generally 
considered to be normal physiologic phenomena that spontaneously subside during the first 
few post menarcheal years (Merritt Diane F. 1994) 
According to Meiritt Diane F.,1994, the etiologies of late menarche could be 
chronic diseases, malnutrition, strenuous physical activity, low body weight, higher 
altitudes, rural dwelling or severe obesity. 
Some of the common post menarcheal menstrual irregularities which occur 
mainly within few years after the onset of menarche are 
• Ovulatory events 
• Amenorrhea 
• Dysmenorrhea 
• Dysfiinctional uterine bleeding 
1.5 - The Pubertal change: 
The first somatic change that occurs in females is either the beginning of breast 
(thelarche) or pubic hair (pubarche) development. Tanner has described five stages of 
breast and pubic hair development. The change in growth velocity has mean onset of 9.6 
years (Large and Prader 1987). The peak height velocity (PHV) occurs almost 2.5 years 
later and proceeds the onset of menarche (mean age 12.7 years). The interval between the 
onset of breast development and menarche is 2.3 +1.0 years and is independent of the age 
at thelarche occur. Within the spectrum of normal pubertal development it is possible to see 
physical changes as much as 5 years prior to menarche. Adolescence progress through a 
wide range of chronological ages. This is related to genetic and environmental factors. 
The puberty usually begins around the age of 10 years in girls (range 8-13 years) 
during the next few years, there is rapid spurt in height and weight. 
1.6 - 'Critical weight' hypothesis: 
It is well established that the time of maximum growth in weight is closely 
correlated with sexual maturation (Meyer et al, 1990; Merzenich et al, 1993 ). Kochler 
and Rock (1992) found that menarche always occurs after the greatest increase in 
height. 
In human beings relevant findings are: that early matures consume more Calories 
and Proteins than late matures (Sarah M. Phillips and Lind G. et al, 2004 ); that obese 
girls are younger at menarche than girls of average body weight (Donnovan and Ten 
Bosch 1995, Koprowaski etal 1999); that late matures weigh less for their hei^t as 
early as two years of age (Tanner, 1976). According to Sarah E. Anderson , 2(K)3 , 
higher relative weight was strongly associated with age at menarche. Frisch and 
Revelle (1969) concluded that the weight of girls at the time of peak weight velocity did 
not change with increasing age of attainment or with increasing age of menarche i.e. 
late and early maturing girls had the same mean weight at the time of peak weight 
velocity. 
1.7 - Scenario of adolescent population in India: 
Adolescents constitute 22.8% of population in India as on 1"" March 2000 
(O.P.Ghai, 2003). According to United Nation's population fund, 21,9% of India's total 
population in 2001 belonged to the adolescent age group. According to world population 
prospects (2002), the population of adolescent females was 9.9% of the total population, 
with 5.1% in tiie age group 10-14 years. 
According to United Nation's population Fund (August 2005), the total population 
of adolescent females in India in the age group 10-14 years was 59,214 (10.1%) and in the 
age group 15-19 years was 46,274 (9.3%). According to NFHS-2 (2000), there was an 
equal distribution of both adolescent girls and boys in rural and urban areas; the boys 
account 22.6% in urban areas and 22.5% in rural areas. The girls represented 21.9% in 
urban areas and 22.2% in rural areas. According to S.L. Goel, 2001, these youngsters are 
deprived of authentic and adequate knowledge ^out their physiological, psychological and 
emotional development in the developing countries including India. 
1.8 - Plight of the girl child: 
During adolescent age, girls constitute a more vulnerable group, particularly in 
India where female child is a neglected one; they are married at an em'iy age and exposed to 
a greater risk of reproductive morbidity and mortality (Aggarwal K. N. and S. Gomber, 
1997). 
Adolescents have not received the attention they deserve in our coimtry, eqaecially 
in the context of girl child. It is a crucial period, as an adolescent girl is still a developing 
child. The dynamic growth associated with poor intake of all nutrients puts the adolescent 
giri at greater risk of nutritional morbidities Nutritional deprivation, increased demand for 
growth, excessive menstrual losses, all aggravates deficiency and its iil-eifects (Mehra 
Sunil and Deepti Agarwal, 1998) 
A large number of women remain ill informed about basic facts related to their 
reproductive health (Goel S.L. 2001). According to population reference bureau (2000) 
around 44% of adolescents in India are illiterate. Only 33% of the females are attending 
school. Education of giris and women also contribute to child survival. Nearly 23% of all 
births in India occur to adolescent mothers in the age group 15-19 years. According to 
NFHS-3 (2005-06) 44.5% of the adolescents are married by age 18 and 16% of the 
adolescent girls aged 1 5 - 1 9 years are already mothers or pregnant. Therefore, until and 
unless the adolescent bear good health, they are not going to produce healthy infants, which 
in turn helps in the progress of the nation. 
1.9 - Health problems of adolescence girls: 
Some of the common health problems faced during adolescence include medical 
problems, nutrition and diet problems, obesity , goiter and anemia . Anemia is the 
commonest health problem of adolescent girls irrespective of the socio economic 
status. According to NFHS-3 (2005-06) 57.9% of the females are anemic at the time of 
pregnancy. Anorexia nervosa is also a common eating disorder faced by adolescents 
resulting in excessive weight loss .According to NFHS-2 (2000) the mortality rate of 
adolescent girls in the age group 10-14 years is 1.4% and 2.5% among 15-19 years. 
1.10 - Age at meoarche; associated factors: 
The average age of pubertal onset, as well as the age of menarche has declined 
steadily over the last century, in this country and throughout the industrialized world. The 
average age of menarche is 12.7 years (Tanner J.M., 1973). This has been attributed to 
improved nutritional and general health conditions, as well as to altered lifestyle. In 
isolated nomadic tribes, where living conditions and socializations practices have not 
changed significantly during recent times, the trend towards earlier menarche is not found. 
(Krasnow and Sandar 1992). In addition strenuous physical activity, decreased body fat 
content, chronic diseases and malnutrition are all associated with delayed puberty as well 
as onset of menarche. Conversely, according to Carpenter and Rock, 1992, females with 
with moderately increased fat content tend to experience menarche at an earlier age. Thus, 
geographic, nutritional and sociologically determined factors may effect the time at which 
puberty begins and its rate of progression. Further more, genetic factors may also 
contribute to the timing of pubertal events. 
Tanner (1962) has discussed the effect of socioeconomic differential on the mean 
age of attainment of different puberty signs. He has found that children from higher 
socioeconomic classes attain puberty signs earlier than those from lower socio economic 
classes. 
Tanner (1965) and Israel (1970) have observed that better nutrition is the factor 
chiefly responsible for the earlier sexual maturation together with giving infants more of 
proteins. Better diet induces better growth and development as well as to an earlier 
menarche. 
It has been difficult to derive norms for Indian girls due to the wide variation in 
socio-economic status, nutritional condition and regional differences in our country. 
Various authors from different parts of the country have reported a wide range of means, 
however, the mean age of attainment of menarche resembles closely the means reported in 
Europe and Asian studies. 
1,11 - Scope of the study: 
Adolescence is the time of great and rapid physical growth: this brings with it not 
only increased nutritional needs but also the emotional needs and the needs to adjust to new 
attitudes and responsibilities. As they enter the reproductive age, they need services that 
can guard them against the risks of sexually transmitted diseases. 
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There is an urgent need to mount programmes for early detection and effective 
management of nutritional (under nutrition, anemia) and health (infections, menstmal 
disorders) problems in adolescent girls. Health and nutrition education to this group is 
essential. Adolescent girls are at high risk of anemia. Sexually Transmitted Diseases (STD) 
and infections. They should receive appropriate care throughout pregnancy and institutional 
delivery to ensure safety of both the mother and the baby. 
There is a need of increasing women's access to appropriate affordable and quality 
health care throughout their life span and strengthening preventive programme that 
promote women's health. 
The women is the pivot around which the family, the society and humanity 
itself revolves. Women play a significant role in the development of their offspring. 
Unless and until the adolescent girl is healthy, she can not enter her reproductive 
life and produce healthy babies. Healthy behavior adopted during adolescence 
continues into adulthood and can be passed on to the future generation. A healthy 
giri means a healthy nation. A study of the interrelationship between nutrition 
and health status and reproductive health will be of great help for the adolescent girls. 
In spite of much pioneer work done on adolescent growth during recent 
years, there is lack of knowledge on different aspects of adolescents especially on 
the development of secondary sexual characteristics in developing counties like 
India . There is lack of research on various factors affecting menarcheal age 
e^>eciany weight, height, BMI & SMR stages reported from India. Also there is 
lack of research on aspects as relation between amenorrhea, dysmenorrhea!, and age 
at menarche. 
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Results of the study will lead to remedial interventions. If a relationship is 
established, it will be helpful and planning for provisions of nutritional services, for 
adequate facilities for reproductive health and for development of health personnel for 
women's health. Investing resources in adolescent is a sound economic, socio-political and 
public health strategy and is cost effective in the long run. 
Keeping the scope in mind, the present cross sectional study was conducted on 
adolescent girls aged 10-15 years with the following objectives 
1. To establish relation ship between birth order, religion, socioeconomic status and age at 
menarche. 
2. To find out whether age at menarche depends on weight, height and Body Mass Index 
(BMI). 
3. To analyze the relationship between menarche age, mode of feeding in infancy, dietary 
habits and total dietary intake. 
4. To study the relation between menarche age, blood pressure and nutritional deficiency 
anemia. 
5. To establish the relationship between mother's age at menarche, SMR stages and age at 
menarche. 
6. To analyze whether age at menarche has any effect on the experiences of PMS (pre 
menstrual syndrome) and other problems faced at the time. 
Keeping the above mentioned objectives in mind , the following hypothesis 
were put forth-
1) Early maturing girls have lower birth order;and higher SES;as well as Muslim 
girls reach menarche earlier than their non-Muslim counterparts. 
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2) Early matures are heavier, taller and had greater BMI than late matures and pre 
menarcheal girls of same age. 
3) Bottle fed girls, and girls with non-vegetarian diets reach menarche earlier than 
breast fed girls and girls v^ i^th vegetarian eating habits. 
4) Good nutrition accelerates age at menarche . 
5) Girls reaching menarche at an early age had a higher blood pressure and low 
prevalence of anemia. 
6) Mother's age at menarche is positively correlated with age at menarche, and 
early matures had a higher SMR stage than their late maturing counterparts. 
7) Early matures face more problems and experience higher degree of PMS(s) than 
do late matures. 
Cfiapter-2 
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REVIEW OF LITERATURE 
Adolescence is considered as a period of transition from childhood to adulthood. 
The period of " adolescence" is becoming longer as the age of onset of puberty 
is dropping and the age at which persons become economically independent is 
increasing. These are the formative years in which the maximum amount of 
physical ,psychological and behavioural changes take place. Healthy development 
of adolescence is dependent on several complex factors : their socioeconomic 
circumstances, the environment in which they live and grow, the quality 
of relationship with their families, community and peer group and the 
opportunities for education and employment, among others. Thus this is a period 
of challenges and opportunities.(0. P . Ghai, 2003) 
2.1 Tbe Adolescent Personality: 
The adolescent personality has been recognized as the most important and 
difHcuh stage in the development of the personality of an individual ( Maurer Harold 
M., 1983). Studies on the development of the personality pattern have revealed that 
three factors are res^nsible for its development, viz., heredity and endowment, early 
experiences within the family and events in later life (Hurlock, Elizabeth, 19S1). 
The evaluative dimension of personality is often referred to as the self-
esteem of individuals. Self-esteem is the "evaluation which the individual makes and 
customarily maintains with regard to himself: it expresses an attitude of approval or 
disapproval" ( U l S., 2001). 
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According to Friedman and Stanford ( 1973 ) , psychosomatic illnesses 
relieve tensions caused by inner conflicting drives of self hatred and self destruction. 
2.2 Growth During Adolesceoce: 
Measurements of stature and weight in adolescents are generally reliable 
and have small technical errors of measurement. Other more specific anthropometric 
dimensions may have greater biological meaning in estimating body composition but 
the extent that these dimensions are measured less reliably than are stature and 
weight, their scientific utility may be limited according to Hass and Flegal (1981). 
Due to differences between individuals in patterns of body fat deposition by sex, age 
and levels of fatness. It is important to determine the statistical characteristics and 
biological correlations of BMI across the range of human variability. 
According to various researchers , obesity is a significant health problem , 
with medical and psychological consequences for children and adolescents (Joseph, 
1997; Bansal, 1998 ; Hay William, 1995) . Several methods are available for estimating 
obesity , including measurements of body density using under water weiring , 
estimation of lean body mass by using deuterium distribution, and estimation of lean 
body mass by measurement of potassium 40 levels . Limitations in the validity of these 
methods are reviewed by Nair M. K. C. ( 2004) . Therefore , "indirect" measures of 
adiposity , such as ^ in fold thickness and weight for height indices are often used as 
proxy measures of obesity as given by Seltzer and Mayer (1989). 
Inconvenience and inaccuracy in the measurement of skin fold thickness 
variability in the distribution of subcutaneous fat limits the use of this measure in many 
clinical settings ( Deo, D. S., 2004; 0. Fakeye, 1995). The body mass index (BMI), 
15 
also known as Quetlet Index, is often used as an index of over weight in children and 
is more easily obtained than measurement of skin fold thickness . According to Rao and 
Singh ( 1970 ), for any index of over weight to be meaningful in the pediatric age 
group, there must be standards defined by age, sex and race since adiposity is known 
to vary with these factors. 
Evaluation of adiposity by Quetlet Index [ weight / height ]^ was used because 
it has been found suitable for applicable to children as described by ICMR( 1992) and 
it is the only method based on measurement by weight and height which describes the 
evolution of adiposity during growth in the same way as direct measurements . 
Moreover , this index is convenient since it allows retrospective data points to be easily 
obtained . There are around 5-6 different classifications of BMl given by different authors 
(see appendix). 
23 Stages of Adolescence: (N.C.E.R.T. 1999 and O.P. Ghai, 2003) 
Though there is a overlap, three main stages of adolescence can be discussed: 
• Early adolescence: (9-13 years) This is characterized by a spurt of growth 
and development of secondary sexual character. 
• Mid adolescence: (14-15 years) This stage is distinguished by the 
development of self identity fi-om parents, of new relationships wiA groups 
with peer groups and of experimentation. 
• Late adolescence: (16-19 years) At this stage, adolescents have fully developed 
physical characteristics (similar to adults), and have formed a distinct identity 
and have opinions and ideas. 
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2.4 Pubertal development aod growth spurt: 
The growth spurt occurs over a period of about four years. It starts and end about 
two years earlier in girls than in boys - the fastest growth occurs, on the average 
at the age of 12 in girls. The increase in height goes along with increase in weight. In 
girls, the proportion of body fat does not change much during early adolescence-
whatever fat their bodies contain at the beginning of growth spurt is likely still to 
be there at the end of it Other parts of the body-the muscles, heart, lungs, 
digestive system and reproductive system- all show a major increase in size during 
adolescence. The one body system that decrease in size in this period is the 
immunological system, which guards the body against the attacks of viruses and 
or bacteria. The tonsils and adrenoids are parts ofthissystem(Harris,R., Robert, 1987). 
The striking pubertal growth spurt has been divided into three 
stages by Tanner et. al (1970) -
1. Age at take off: the time of minimal growth velocity in peripuberty. 
2. Peak height velocity (PHV): The time of most rapid growth. 
3. The stage of decreased velocity and cessation of growth at epiphyseal 
fusion. 
Susan and Chapman (1966), referred the pubertal growth spurt as an 
early pubertal event in girls. In fact, it is the fir^ manifestation of puberty 
in most of the girls, although breast development is much more obvious. 
Peak height velocity occurs in 50% of the girls during Tanner breast stage 
3'", although about one fourth experience it in stage 2"" and one fourth in 
stage 4"". There is a limited growth potential in the post menarcheal girls. 
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because girls reach PHV before menarche and the growth rate decelerates 
thereafter. 
The upper development limit of adolescence is unclear since there 
is no objective physiological event that can be used to define its termination. 
Physiological and psychological changes during this period prepares the 
individual for mature adult biological and emotional functioning. 
Chronologically, adolescence extends from about 12 to 13 years 
of age to the early 20s, with wide individual and cultural variations . 
Adolescence tends to begin earlier in girls than in boys, and to end earlier 
in both in some cultures. 
The period of final maturation is known as adolescence. It is 
also often called puberty, although puberty , strictly defined , is the period 
when the endocrine and the gametogenic functions of the gonads have first 
developed to the point where reproduction is possible. In girls, the first event 
is THELARCHE - the development of breasts, followed by the PUBARCHE -
the development of axillary and pubic hairs, and then by MENARCHE - the 
first menstrual period. The initial periods are generally anovulatory, and 
regular ovulation appears about a year later. In children between the ages of 
7 and 10, a slow increase in estrogen and androgen secretions precede the 
more rapid rise in the early teens. 
The age at the time of puberty is variable. In Europe and in 
the United states it is declining at the rate of 1 to 3 months per decade 
for more than 175 years. In the United states in recent years, puberty 
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generally occurs between the ages of 8 to 13 years in girls and 9 to 14 
years in boys. 
Another event that occurs in humans at the time of puberty is 
an increase in the secretion of adrenal androgens. The onset of this increase 
is called ADRENARCHE. It occurs at the ages of 8 -10 years in girls. 
It has been argued for some time that normally there is a 
critical body wei^t that must be reached for puberty to occur. Thus, for 
example, young women who engage in strenuous athletics lose weight and 
stop menstruating. So do girls with anorexia nervosa. If these girls start to 
eat and gain weight , they will menstruate again, i.e., they "go back 
through puberty". It now appears that leptin , the satiety producing hormone 
secreted by fat cells may be the Jink between body weight and puberty. 
How leptin fits into the over all control of puberty remains to be determined 
(Hurlock 1998; Harris and Robert 1987; Maurer, 1983). 
Hofinann (1983), defined that puberty is characterized by sexual 
maturation and statural growth . In brief, although the amount of sex 
steroids produced has been slowly increasing since about 6 years of age, 
children do not reach puberty imtil some, as yet incompletely understood, 
confluence of events trigger hypothalamic production of the follicle - stimulating 
hormone - releasing factor ( FSHRF) and luteinizing hormone - releasing factor 
(LHRF). 
The Frisch-Revelle hypothesis suggest that decreasing sensitivity is 
related to a statistically significant correlation between menarche and the 
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achievement of a "critical" body weight of 47.8 Kg when they later found 
an even closer correlation between menarche and a characteristic ratio between 
total body fat, total body water, and lean mass. Frish and Revelle modified 
the critical body weight theory to incorporate a critical body composition 
concept. 
2.5 Changes daring adolescence: 
The upper development limit of adolescence is unclear since there 
is no objective physiological event that can be used to define its termination. 
Physiological and psychological changes during this period prepares the 
individual for mature adult biological and emotional functioning. 
Chronologically, adolescence extends from about 12 to 13 years 
of age to the early 20s, with wide individual and cultural variations. 
Adolescence tends to begin earlier in giris than in boys, and to end earlier 
in both in some cultures. 
Accordfaig to Cooper Henry (1978), puberty is a more restricted term 
for the biological and physiological changes associated with physical and 
sexual maturation. Although the gross observable changes of puboty may not 
manifest themselves clinically until the second decade, subtle physiological 
changes may occur as early as 8 years of age. Pubescence is the time 
during which the reproductive functions mature, it also includes the ^pearance 
of secondary sexual characteristics as well as the physiological maturation of 
primary sex organs. 
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Acceleration of biological maturity is manifested by the 
decreasing age at menarche in girls that has been observed in many areas of 
the world. 
The first visible signs of puberty are the development of secondary 
sexual characteristics. As described by Tanner (1962), in females a breast bud 
forms and grows, causing enlargement and contours changes of the breasts. In both 
sexes pubic hair begins to ^ow. 
Shortly thereafter, most teenagers experience a rapid increase in 
the linear growth. Initially, fte length of the long bones increases, creating a 
rise in the b<xiy's center of gravity. This is followed by ^owth of spine. 
Tanner called this stage of acceleration 'the growth spurt'. During this stage, 
the average giri grows at a peak velocity of 8 cm per year. Johnson and 
Robert (1983), explained that although linear growth is the most striking feature 
of puberty, a similar dimensional increase occurs in every body system except 
the lymphatic, in which total tissue volume decreases. 
Because the age at onset of the physical and emotional changes 
characteristic of adolescence is variable, it is convenient to assess the stage of 
development of adolescent children in terms of degree of maturation and 
physiological changes . A prominent feature of adolescence is accelerated 
growth rate. The adolescent spurt begins earlier in giris than in boys, usually 
between 11 and 14 years. In girls the growth spurt is usually slower and 
less extensive, and accounts for a gain of 5-20 cms (2 to 10 inches) in 
height and 7 - 25 kg (15 - 55 lb) in weight. Every organ system seems to 
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be involved, but all organs do not grow at the same rate, One exception is 
the brain, which does not seems to change appreciably in size after 10 years 
of age although an increase in the head diameter does occur. 
The adolescent growth spurt usually proceeds in a fairly orderly 
sequence. Leg length usually begins to increase first, and the legs are the first 
to reach adult size. After a few months, there is an increase in hip width and 
chest breath . Shoulder width increases a few months later, and this is followed 
by an increase in the length of the trunk and the depth of chest. A great part 
of the change in weight and muscle mass tends to occur after the bone 
growth spurt. 
According to Henry Cooper (1976), the rate and the onset of the 
adolescent growth spurt may be influenced by many factors, including sex, 
racial origin, nutrition and illness. In children who mature early, this spurt 
may proceed faster than in those who mature late. The most important 
determinant of the time of onset and the rate of growth seems to be the 
genetic heritage . Acceleration of biological maturity is manifested by the 
decreasing age at menarche in girls that has been observed in many areas of 
the world. 
Along with changes in body size , the adolescents assume the 
adult physique of his/ her sex . The outstanding features are changes in the 
subcutaneous fat distribution , differences in relative bulk growth of the arms, 
shoulders , and pelvis ; and the appearance of secondary sexual characteristics. 
The hormonal changes that occur brings about an increase in the width of hips, 
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and a change in the size of the bony pelvis. Girls have a greater amount of 
subcutaneous fat before adolescence and during the grov^ spurt, associated with 
little spurt in bone diameter . The most commonly occurring changes during 
adolescents could be explained under the following heads: 
2^1 Morphological changes: 
The onset of puberty in adolescents is marked by rapid and 
final growth spurt and development of secondary sexual characteristics. 
This physical growth is determined by various genetic, hereditary, nutritional 
^ d behavioral factors. In girls, physical changes may begin at 10 years or even at 
an earlier age. When the girls body begins to mature, curves develop and the 
breasts get painiul and begin to grow. Hairs sprout in pubic areas and under the 
arms. This is when the cycle of menstruation begins. The ovaries in healthy girls 
body begin to ovulate at around 11-14 years or earlier once every 28 days. The 
ovum produced by the ovaries is released and the uterus prepares itself for 
fertilization. Fertilization occurs when the female egg unites with male sperm, which 
leads to pregnancy. If fertilization does not takes place, menstruation occurs. 
2^2 Stages of Sexual maturity rating: 
Sexual grow^ is quantified in terms of Sexual Maturity Rating, as 
suggested by Tanner (1965 and 1970). The system suggested by Tanner includes 
assessment of genitalia and breasts for females. SMRl includes no sexual growth 
(prepubescent stage) while SMR5 denotes complete maturation. 
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SMR stages 
Pubic hair stages: 
PH 1 - Preadolescence, no pubic hair. 
PH 2 - Sparse growth of long, pigmented hair bilaterally along medial 
border of labia. 
PH 3 - Pigmentation of hair increases. These begin to curl and spread 
over mons pubic in females. 
PH4 - Pubic hair become course in texture, involve more area. 
PH 5 - Spread in typical triangular shape (adult like). 
Breast development stages: 
B 1 - Preadolescence, elevated papilla. 
B 2 - Breast bud forms, elevation of breast and papilla increase in areola 
diameter. 
B 3 - Breast and areola enlarge further, but their contours are not separated. 
B4 - Contour of breast is well defmed areola and papilla form a 
secondary mount above the contour. 
B 5 - Mature breast Areola recedes into general contour of breast Papilla 
projects as nipple. 
As observed by O.P. Ghai, 2003 first sign of sexual maturation 
is enlargement of breasts in females. MENARCH usually occurs at breast and 
pubic hair stage 4 . While interpreting the sexual assessment versus age,one 
should take in account the variability in the age of appearance of various signs 
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of puberty (which is B2 in 70% cases and PH2 in 30% cases) to complete 
(B 5, PH 5) varies from 1 .5 to 6 years. Interval from B 2 to menarche averages 
2.3 years (ranges from 6 months to 5 V2 years). 
Recent data suggest the mean age of menarche in Indian girls 
belonging to upper socio-economic status group to be 12.6 years. Several factors 
nutrition, general health conditions, hereditary place of resistance and socio-
economic factors also effect menarche. Children from higher socioeconomic 
classes attain puberty signs earlier. Tanner (1970) noted that menarche occurs 
approximately four months earlier every 10 years. According to O.P.Ghai, 2003 
a secular trend of decline in the age of menarche is three months per decade is 
also being observed in Indian studies. 
2.SJ Body Weight and sexual Maturity : 
There is a great controversy concerning whether the onset of 
puberty depends on exogenously regulated attainment of a certain body mass, 
or some endogenous biological clock. Frisch (1975) developed a hypothesis of 
critical body weight. Within a group of healthy, well nourished girls , average 
body weight is not significantly different for early and late maturing 
individuals at the time of these three adolescent events : weight spurt initiation 
(30 kg ) maximum rate of pubertal weight (39 kg) and menarche (48 kg ) . As 
explainedbyE.S.E. Hafez, 1980 this concept is based on directly measured body 
weights , which were estimated by interpolation of longitudinal growth data. 
Since lean body mass or total body protein is the greatest contributor to the 
basal metabolic rate , the attainment of similar body protein proportions in 
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early and late maturing girls at puberty may serve as another indication of 
the presence of still - to - be - defined critical metabolic signal that triggers 
sexual maturity. (Taylor Robert B., 1994) 
Frisch et al ( 1975 ) confirmed an invariant mean weight 
(47 kg) at menarche in a study of a large population of Caucasian American 
girls. Body composition of giris at menarche was estimated by using a 
regression equation that calculates the amount of total body water fi-om simple 
height and weight measures. The average estimated amount of total body 
water and lean body mass did not differ in early or late matures at 
menarche, although the early matures were estimated to be proportionately 
fatter. It would appear that the attainment of a minimum level of body fat 
(about 17% of body weight) is necessary for the onset of menstrual cycles in 
pubertal girls (Hafez E.S.E., 1980). 
The adolescent growth in girls occur two years earlier, but is 
somewhat less marked . Girls grow 4 - 1 0 cms after menarche, with an 
average growth of 6 cms, whether menarche occurs early or late, Hillman et al 
(1970) reported that the ponderal index (height in inches/ weight in pounds) 
was generally greater in women bom during the warmer months than in those 
with winter birth dates. 
Tanner (1976) concluded that the age at which growth ceases is 
related more closely to the age at which adolescence occurs than to the 
chronological age. 
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Dietary and socioeconomic factors in the childhood environment 
have a major influence on somatic development as measured by height and 
weight. for example chronic under nutrition causes a decline in the rate of 
skeletal growth and maturation. 
2J.4 Metabolism and Nutritional aspects: 
Maximum caloric intake in girls occur in the twelfth year, 
coinciding with menarche. The absolute and relative basal oxygen consumption 
increases at puberty in both sexes. Protein intake tends to parallel the grov^ 
spurt of sexual maturation. Increased nitrogen retention precedes the menarche 
during the period of accelerated growth. 
Several factors lead to an increased iron requirements during 
adolescence: increase in blood volume , muscle mass, re^iratory enzymes , and 
blood loss during menstruation. According to Stoddard, 1985, adolescent girls and 
young women of 1 5 - 2 3 years of age lose approximately 6 - 34 mg of iron 
per menstrual period. Thus their iron requirements are 145 mg per year 
higher than those of boys at the 17* year. 
For girls the calcium requirements are 62 gm / year (169mg/ 
day) at the tenth year; requirements rise to peak of 138 gm / year (378 mg / 
day) at age 14, and fall to 11.7gm/ year (32mg/day) at the 20* year. 
2J.5 Growth and menarche : 
According to Frisch and Revelle, 1970, maximal body growth 
immediately precedes the first menstruation. Growth is completed after the 
menarche; consequently, girls with an early menarche tend to have Sorter adult 
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stature. Menanihe occurs in early and late maturing girls when they have 
attained the same mean weight, but those maturing late are taller at menarche. 
Two other major events of adolescence, initiation of the weight growth spurt 
and maximum rate of weight gain , also occurs at an invariant mean weight. 
It is suggested that a critical body weight may trigger the sequence of events 
during adolescence. 
2.6 Physiological chaoges during adolescence : 
Hormones are known to have an important influence on the 
adolescent growth spurt and the physiological changes during adolescence. 
According to Marshall and Tanner, 1970, girls mature earlier than boys , the 
differential time being about 2 years; the first signs of puberty in girls 
appear at about 9 - 1 4 years of age . Sex differentiated morphological 
characteristics (sexual dimorphism ) associated with puberty have physiological 
and behavioral significance in reproduction: the pelvic width in parturition; 
and the mammary glands in lactation. Sexual maturity is a gradual phenomenon 
recognized by the several secondary sexual characteristics: pigmented terminal 
hair in the genital region and lower alxlomen (pubic ha i r ) , and in the 
armpits (axillary hair). The development of axillary and pubic hair at puberty 
is presumably caused by testosterone, formed predominantly in peripheral 
tissues from androstenedione . In girls this hair growth is attributed to 
adrenarche - alteration in adrenal function (John A. Rock, 1992). In girls with 
ovarian hypo function or ovarian agenesis, and in boys with testicular hypo 
function, growth of pubic and axillary hairs occurs at about the usual age of 
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puberty. Girls who suffer from severe adrenal insufficiency may lose axillary 
and pubic hair. The apocrine sweat glands in axillas , inactive during infaicy, 
begin to secrete. 
Adolescence is characterized by a growth spurt, remarkable 
sex- determined changes in the body composition, development of secondary 
sexual characteristics, and gradual attainment of psychosexual maturity. 
According to Hessen and Thomas, 1993, adolescence is also 
associated with cardiovascular changes. For example, a sharp increase in normal 
heart size is closely related to the menarche in most girls . During 
adolescence both boys and girls have slower pulse rates than children : 60 - 65 
beats / minute approximately. A rise in basal pulse rate is noted in girls 
before the menarche ; this is followed by the adolescent drop. Blood pressure 
rises during adolescence in both sexes. The rise in values for systolic and 
diastolic blood pressures appears to be related to maturation. 
Evidence presently indicates that with maturation there is a 
decreasing sensitivity to the inhibition by gonadal sex hormones of the 
hypothalamus and other CNS centers. This causes an increase in hypothalamic 
releasing factor, a subsequent increase in pituitary tropic hormones, and a 
resultant increase in the gonadal and sex hormones. 
According to Kempe C. Henry, 1998, the gonadotropic hormones _ 
follicle - stimulating - hormone ( FSH ) and leutenizing hormone (LH ) , including 
luteutropic hormone (LTH) are the major hormones elaborated. 
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2.7 Female Hormones: 
Estrogen and progesterone are produced by the ovaries, the 
testes, and the adrenals. In the females, the estrogen originates in the graafian 
follicles. Estrogen produce! before pubescence is probably of adrenal origin. In 
girls, the amount of estrogen produced after approximately age 11. The secretion 
of estrogens assume a cyclic pattern starting approximately two years before 
menarche. The female s«»ndary sex characteristics , stimulated by estrogen 
production, and enlargement of the uterus and ovaries, development of breasts, 
labia minora , and fallopian tubes , increase in the vaginal acidity and 
comification of the vaginal epithelial cells. Progesterone is produced in the 
corpus luteum, and adrenal cortex. It is excreted principally pregnanediol, seems 
to act primarily on the female genital tissues , and participate in the 
development and function of breasts. There spears to be no change in 
excretion of pregnanediol with age, nor is there any sex difference save for 
the premenstrual increase in pregnanediol excretion which is thought to be 
evidence of ovulation. 
2.8 Other physiol(^ical changes : 
1) By about age 16 , adult levels of extra cellular water are achieved (25% of 
total body weight) in both sexes. 
2) Hemoglobin rises slightly in both sexes, but the rise is greater in boys. 
3) Blood pressure rises and heart size increases. 
4) Pulse rate decreases. 
5) Strength, speed and stamina increases in both sexes. 
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2.9 Pisycfaol( i^cal changes during adolescence : 
The development of a sense of identity distinct from parents and 
developing own self, the exploration of new relationships with peer groups, with 
the opposite sex, families and the community is a hallmark of adolescence. 
Adolescence is also a time of exploration of their own and other bodies, of 
ones capabilities and potentials and experimentation. 
Psychological symptoms such as headache, backache, irritability 
sleeplessness, lack of concentration and anxiety may be just the presenting 
complains "entry points" for the real issue like delayed menstrual periods and vaginal 
discharge. Hormonal changes may bring heightened emotionality, arousal, irritability 
and aggressiveness. The combination of circumstances may contribute to many 
of the health problems specific to adolescence, 
2.10 Body Composition and Sexual Dimorphism : 
Susan and Chapman explained that changes in the body composition 
occur during puberty and are a reflection of much of the dichotomy in 
physique between men and women. While lean body mass, skeletal mass, and 
body fat are equal in prepubertal boys and giris , by the end of puberty, 
men have 1.5 times the lean body mass and almost 1.5 times the skeletal 
mass of women. Whereas women have twice as much body fat as men. 
E.S.E. Hafez, 1980 concluded that during adolescence , different 
growth patterns of the muscles, fat, and bones causes remarkable variations 
of body composition between boys and giris. A steady increase in total 
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body fat occurs as adolescence progresses , although from preadolescence 
onwards, boys are leaner than girls. As age increases during adolescence, 
subcutaneous fat increases in girls. These changes in the body composition 
during adolescence are related more to endocrine development than to food 
intake • The smaller size of the female and the distribution of the subcutaneous 
fat which causes her rounded contours are caused partly by the bone -
ossifying and fat mobilizing effects of estrogens. 
2.11 Clinical application of pubertal growth principles: 
Anyone who observes a group of adolescents of equal chronological 
age quickly becomes aware of the great temporal variations in physical expression 
of puberty. In any group of 14 year-olds, some are fiilly mature; others are on midst 
of rapid change; and the remainder have not entered puberty at all- yet all are 
within the normal range of variation. Indeed we all have our own biological time 
clock. Clearly, a pure chronological concept of puberty is of limited value. 
To improve the ability to assess the progress of a particular youth, 
most individuals have adopted the use of maturation stages proposed by Tanner in 
growth of adolescence (1962). He described five growth stages based on the 
progression of breast and pubic hair development in girls. 
The importance of there maturational stages lies on their correlation 
with other puberty events. Puberty in females can begin at any time between 8 and 
14 years of age, but once initiated usually is completed within three years. The 
growth spurt commonly starts at the onset of stage 2, reaches a peak midway 
between stage 3 and 4, and ends at stage 5. Menarche occurs approximately 2 V2 
years after the onset of puberty, or during stage 4 . At this time the 
adolescent female has attained 90%- 95% of her adult height. 
2.12 Timing of puberty : 
According to Susan and Chapman, 1996, the average age of menarche 
in industrialized European countries have decreased between 2 and 3 months per 
decade during the past 150 years . However this trend ceased in developed 
countries such as the United states around 1940. Although menarche is the 
middle pubertal event, it is used as an indication of the general trend of 
pubertal development. According to the most recent survey by the NCHS, the 
age of menarche is 12.8 years. 
Israel, 1970, explained Menarche in girls as a dramatic event, which 
is remembered and so can be recorded precisely. The average age of menarche is 
13 years, with the range from 10-16 years in age. American girls enrolled in 
high school and college reported a mean age of menarche of 12.6 years. In 
the United states, the appearance of the menarche before the age of 9 or after 
the age of 17 is regarded as abnormal . The adolescence girls who is 
experiencing primary hypo gonadian is thin , flat - chested , and rapidly growing, 
with delayed or absent menarche and hypoplastic genitelia . According to Hafez, 
1980, the age at menarche has declined steadily in many countries for more than 
a century, althougji the cause is not understood. 
Socioeconomic conditions, nutritional status, and general health 
and well being influences the age of onset and progression of pubertal events. 
Genetic factors also affect the age of puberty, as demonstrated by the similar 
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age of menarche in members of an ethnic population and in mother daughter 
pairs. In countries where the standard of living had not improved over the past 
century, the age of onset of puberty may not have changed during the past 
100 years . (Susan and Chapman; 1996) 
Tanner (1975) concluded that other influences also affect the age of 
puberty. Delayed puberty is the feature of chronic disease and malnutrition. 
Strenuous physical activity in girls can delay or arrest puberty, especially when 
associated with a thin habitus. Moderate obesity (upto 30% above normal weight 
for age ) is associated with early menarche, although delayed menarche is 
common in severe obesity. 
According to Susan and Chapman, 1996, when socioeconomic and 
environmental factors lead to good nutrition and general health, the age of onset 
of puberty in normal children is determined largely by genetic factors. 
2,13 Mean age for diiTerent sexual development stages and attainment of menarche: 
If a girl has begun to menstruate, we can easily find out whether 
her pubertal development is within normal limits for age or not, because the 
normal age limits are well documented. If she has not begun to menstruate, 
however, her developmental status may be compared with the range of ages 
within which different stages of sexual maturation are normally reached. 
In a cross sectional study of 662 London girls (J. L. Greger and 
Higgins; 1978 ) , the interval from B2 to B5 (each estimated by probits) was 
4.8 years. Intervals of 2.9 - 3.3 years were found in 49 middle class white mid 
western Americans (Reynolds and Wines ; 1988 ) and a large sample of 
California children . The only European study in which the events of puberty 
have been followed longitudinally is that of Marshall and Tanner (1970), known 
as the Harperden Growth study. In this study anthropometric measures have been 
taken and the devdopment of breasts and pubic hairs have been recorded 
photographically at three monthly intervals throughout puberty. In this study, the 
authors reported the interval from B2 to B5 to be 4.2 years . The interval 
between mean age of reaching B2 and mean age of attaining menarche was 2.3 
years. This interval was reported to 2.5 years by Greger et. al., 2.0 years and 
2.5 years by Reynolds et. al. and Nicholson et. al. respectively. 
According to Marshall and Tanner (1970) , the mean duration of 
pubic hair development was 2.7 years. The mean age PH2 was taken as 11.69 
years; though their values must be treated with reserve as the first appearance 
of pubic hair cannot be readily seen on photographs. Menarche occurred some 
where between B4 and B5 breast stages. 
Marshall and Tanner, 1970 stated that all reports cited in literature 
give standard deviations of about I year for the age at which each stage of 
puberty is reached. The similarity of these standard deviations and of the interval 
from the beginning of breast development to menarche in all the reported 
studies is more striking than the differences between the various samples. For 
practical purpose therefore, the development of girls breast can be regarded as 
normal, if she reaches a given stage within 2 years either side of the mean 
value of her population. In Asian communities various studies have been done, 
all are cross sectional studies . Chang and Chan (1963), reported a cross sectional 
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study of 3278 Chinese girls in Hong Kong. The beginning of breast development 
was advanced as compare to the western studies, and menarche was also 
advanced by a similar amount : the interval between B2 and menarche was 2.1 
years - similar to that reported by Marshall and Tanner. Neyzi etal in 1975, 
reported the interval between B2 and B5 to be 5.2 years and B2 and menarche 
to be 2.8 years. The mean age (years) of secondary sex characters development in 
various parts of the world and Indian studies is shown in the table below. 
Mean age for different SMR stages in girls 
(compiled from different studies) 
Country 
European 
England 
America 
ASIAN 
TURKEY 
INDIA 
Place 
Harpendeh 
"* 
California 
HongKong 
Istanbul 
Jabaipur 
Varanasi 
Chandigarh 
Ail India 
Present 
study 
Author/year 
Marshall & 
Tanner(1968) 
Reynolds & Wines 
(1948) 
Nicholson & 
Hanley(]953) 
Chang et. al. 
Neyzi et.al. 
(1975) 
Kauf (2004) 
Tripathy et.al. 
(1985) 
Qamar et.al 
(1991) 
Agganval et.al 
(1992) 
2007 
B2 
11.2 
10.8 
10.6 
10.7 
10.0 
10.99 
12.1 
9.9 
10.2 
11.9 
B3 
12.2 
11.4 
11.2 
N.A. 
11.6 
12.7 
12.9 
11,4 
11.6 
12.3 
B4 
13.1 
12.2 
N.A. 
N.A. 
12.8 
13.5 
13.1 
12,3 
13.5 
13.6 
1 
B5 
15.3 
13.7 
13.9 
N.A. 
15.2 
17.37 
14.5 
13.2 
15.5 
14.0 
Menwche 
13.5 
12.9 
12.8 
12.8 
12.8 
13,57 
12.8 
12.1 
12.6 
12.36 
1 
In India various cross sectional studies have been reported in 
recent years. Kaul et al. (2004) in a cross sectional study comprising of 4,982 
girls from all socioeconomic groups in Jabaipur city, reported 10.99 years as the 
mean age of reaching stage B2 . According to Tanner, 1968, the interval from B2 to 
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B5 in this study was reported as 6.38 years, which was considerably longer as 
compared to that taken by British girls. 
In recent country wide-study by Agarwal etal(1992) 9951 girls of some 
affluent class from 8 states of country were studied. The mean age for B-2, B-3, 
B-4and B-5 was found to be 10.2, 11.6, 13.5, and 15.5 years respectively. 
According to this study about 57% of girls in B-3 and 97% of girls in B-5 group 
have attained menarche. The interval from B-2 to B-5 was found to be 5.3 years. 
2.14 Factors alTecting age of puberty and menarcbe: 
The word puberty is used in two ways: sometimes it refers to the entire 
period of sexual maturation and sometimes specifically to the point when the 
adolescence become capable of having offspring. By the second definition puberty 
occurs in girls when they reach Menarche. Many {but not all) girls are unable to 
conceive a child for a year or so after menarche. 
For girls menarche occur, on an average, between the age of 12.5 and 
13 years. But this is not the first sign of approaching reproductive ability- the 
process begins two years earlier. These early signs are followed by a noticeable 
increase in the rate of growth. During the growth spurt the girl's body changes in 
shape as well in size; her hips and thighs widen and her waist become more 
defined. 
Menarche generally does not occur until the girls body weight is over 
some minimum; usually around 100 pounds (35-38 kg). The girls who reach the age 
early will menstruate at an earlier stage than girls who put on weight more slowly 
was concluded by Frisch and Revelle (1970). 
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According to FakeyeO., 1995, the onset of menstruation marks a decline in 
the rate of a girls' growth in height; within two years after menarche she will have 
reached her adult height. Since girls who have an early menarche stop Rowing 
sooner than those with a later one, it is used to assume that the early maturers 
would necessarily end up shorter. But this doesn't seems to be the case. Early 
maturing girls grow faster during their growth spurt than late maturing girls. 
The result is that two end up about equal in size, on an average. 
Although menarche is generally regarded as the major sign that puberty 
has arrived in girls, it actually occurs fairly late in sequence of puberty 
events. The first sign of female puberty are budding of breasts and the 
beginning of growth spurt - the swift increase in height and weight and expansion 
of pelvis. The average age at which these signs appear extend from 8-13 years. 
The first appearance of pubic hairs generally occurs slightly later than the 
budding of breasts, usually between 11"' and 12"' birthday (Tarmer, 1978; Berk Laura; 
1989). 
Menarche typically h^pens around the 13"" birthday, although again, 
the age range is large, extending fi-om as early as lO'/ito as late as 15 Vt years. 
By the time the girl has experienced her first menstrual periods, her rapid gain 
in body size is starting to taper off, and the growth spurt is nearly over. The 
average giri adds almost 8 inches of total height during puberty, with only about 
two of them occurring after menarche, in the year following the appearance of 
menstruation, pubic hair and breast development are completed, and under arm 
hairs appears. Although a three year timeline for female puberty growth in the 
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norm, not all girls adhere to it. Some pass for more r^idly through the phases 
of puberty taking a little time as a year and a half to complete them, while others 
require an extended period, lasting as long as five years. (Marshall and Tanner 
1969; Berk, 1989) 
Age of menarche is closely synchronized with the attainment of an 
appropriate level of skeleton maturity. In other words, when we examine the order 
in which the puberty changes occur in girls, it appears that menarche does not 
initiate but follows the physical growing up. 
According to S. L. Goel, 2001, this sequence of events has clear adaptive value. 
It makes sense from a biological standpoint to delay menarche until an 
appropriate physical and pelvic size is attained to permit the successful bearing 
of children. 
Menarche is generally taken as the sign that the girl has reached the 
sexual maturity. It does mark a mature state of uterine development, but in 
many giris there is a period of 12 to 18 months following the first maturation 
in which mature ova are not yet produced. However this temporaiy period of 
sterility cannot be counted on. (Tanner, 1978; Berk, 1989) 
Girls with anorexia nervosa exhibit a regression to the pubertal 
patterns of gonadotropin secretion as the body weight declines, and revert 
to normal secretary patterns as their weight increases (Boyar, Katz, 
and Finkelstein 1974). 
In order to test Frisch's hypothesis that increased body weight 
and fat content are required for the occurrence of menarche , urinary 
gonadotropin and anthropometric data have been obtained from healthy 
children. The changes in the body composition in these children do not 
precede, but rather but occur simultaneously with the rise in the 
gonadotropin secretion. (Penny and Frazier, 1978). This suggested that changes 
in body composition are not a prerequisite to the initiation of puberty. 
Any 16 year old who have not begun to menstruate should be 
examined by a gynecologist. If examination reveals axillary and pubic hair, 
some breast development, a uterus, and estrogenic cervical mucus, the girl 
should be reassured that menarche probably will occur within 6 months and 
no Airther evaluation is necessary unless it does not. Evaluation at that time 
should follow the protocol in the section on oligo-/ amenorrhea. If 
examination reveals axillaiy and pubic hairs, a uterus, and no cervical 
mucus, evaluation should follow the protocol. Those patients in ^^om no 
uterus can be palpated or visualized require pelvic sonography , blood 
testosterone concentration, and blood caryotype. Results of these tests will 
determine further management. There are no harmful effects from a 
constitutional delay in puberty, except for possible psychological problems. 
(Boveand David; 1983) 
Menarche forms one of the most important factor in the study of 
growth pattern among giris. This period is the age of maximal rate of 
growth; the earlier the onset of puberty, the more rapidly are growth processes 
completed . The age at menarche is therefore a fairly accurate barometer of 
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physical development and the approaching psychosexual maturity of the pubertal 
girl. 
The timely appearance of the menarche gives assurance that other 
less recognizable features of puberty and early adolescence are progressing 
normally or about to be initiated. During these formative years , each facet of 
the girl's growth affects others, for she develops as a whole being physically, 
emotionally, socially, and intellectuallu. 
The age at which puberty occurs is influenced by several factors 
such as heredity , diet, geographic residence , physical activity, climate (including 
humidity and temperature, attitude, and season), socioeconomic factors, nutritional 
status and the control of certain serious diseases of childhood. Many research 
workers have found that the age at appearance of puberty signs is hastened or 
retarded by several factors like heredity (Petri; 1985), size of family(Hilhnanetal; 
1970), place of residence (Shantha Madhavan; 1965). Some factors like nutrition 
and general health conditions (E. S. £. Hafez ; 1980 ), and socioeconomic status 
(Tanners, 1965:? 1976) probably P a^y a stronger role than others. 
2.14.1 Heredity: 
According to Tanner, 1962, studies of mono zygotic and di-zygotic 
twin, and sisters , clearly show that age at menarche is chiefly controlled by 
genetic factors when the environment is favourable. 
Cuban, Chinese, and Mediterranean girls are known to have early 
menarche, where as South African Bantu girls experience later menarche as by 
( Tanner; 1970 ). Results of the study done by Melbin, 1962, shows that in normal 
Lapps of Sweden, the time of puberty seems related more to environmental 
than to genetic factors. Some researchers found that the average difference in the 
age at menarche of identical twins is small ( less than three months ) , as 
compared to that of heterozygous twins (12 months), or between mothers and 
daughters (18 months). 
2.14J Nutrition: 
Acute starvation delays puberty. The Lapps had the same average 
age of menarche ( 16.5years) from 1870 to 1930 while maintaining intact their 
nomadic way of life. During the same period, the age of menarche among the 
neighboring settled farmers declined by nearly 2 years . Negro girls residing in 
the West Indies under poor nutritional conditions have later menarche than those 
residing in the United States { E.S.E. Hafez; 1980). 
Tanner ( 1970 ) and Israel ( 1967 ) have observed that better 
nutrition is the factor chiefly responsible for earlier sexual maturation together 
with giving infants more of proteins. Better diet, mduces better growth and 
development as well as to an earlier menarche. D. M.Hegsted( 1976)studying the 
physical growth and development of American bom and native Japanese children 
commented that Japanese children brought up in the United States were taller , 
heavier than their counterparts in Japan because of improved standards of 
nutrition and environment and thieved earlier memrche. 
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2.143 Physical and Social environment: 
Several envircmmental factors may influwice the time of onset of 
puberty , e:g, stress and photoperiodic environment. Girls blind from birth 
experience menarche earlier than sighted females. Climate has little or no direct 
effect on the age at menarche; however, menarcheal age is delayed at the rate 
of approximately 3 months for each 100 meters of altitude. Residence in urban 
areas appears to predispose to early menarche , possibly as a result of better 
nutrition , improved hygiene, or increased social or sexual stimulation (E.S.E. 
Hafez; 1980). That the age of menarche is not influenced by geographical factors 
is shown by Israel (1970), and Donovan etal (1995). 
2.144 Socio e<»)aoiiiic status: 
According to other research workers like Kakki laya Bevinje and Dr. 
Srinivas , (2005 , in Nigeria); Th. Somola Devi and W.Nabakumen et al. (2007 , in 
Manipur); Farruggia Chen and Farrugia S. (2002 , hi California); Evelette and Tanners 
(1990); Tanner (1962 and 1965, in England) and Israel (1967) , factors such as 
socioeconomic status and nutrition play a vita] role. 
Besenger ( 1982), indicated the influence of socioeconomic status 
on the age at menarche by studying 5611 women of different social classes in 
Moscow . Mary Ellen (2002) observed that menarche occurred about 7 months 
earlier in well - off Negroes in New York than in Negroes in southern states . 
Kurz et al (1966) found that in Copenhagen there was a difference of 2 months 
in the age of attaining menarche between daughters of managerial and 
professional classes and those of unskilled workers. 
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2.14.5 Physical activity: The timing of menarche apparently depends on having a 
certain amount of body fat, so undernourished giris will reach this milestone 
later than well nourished ones. Girls who participate in vigorous sports such as 
running or gymnastics may also be delayed in getting their menstrual periods, or 
may stop having them after they have begun, even though their weight may be 
100 pounds, their bodies may contain too little fat to make reproduction possible. 
(Harris, Rich and Robert; 1987). Individuals who participate from an early age 
in highly competitive athletic training and consequently have low fat/ lean 
muscle mass also experience menarche later than their non athletic their non 
athletic counterparts. (Frisch and Revelle 1970; Frisch and Wyshak 1981) 
In general the age at menarche is delayed in athletes as compared 
to non athletes. This has been shown for high school and college age 
well as Olympic athletes. (BoveAlfred, 1983) 
Further a positive correlation exist between the level of athletic 
achievement and the length of time by which menarche is delayed. 
A survey of female participants in the 1976 Olympic games 
revealed the trend for delayed menarche in women from 27 countries 
and in all sport events except swimming (Bove and David ; 1983). In an 
effort to explain the later menarche. Cole etal (1980) noted that the body 
build associated with later maturation is the same physique as that associated 
with athletic achievement. Giris who had matured later characteristically 
have a leaner physique , longer legs, narrow hips, and less weight 
for height and lower body fatness than those who matured earlier. 
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These same physical characteristics are found in athletes commonly. An 
additional consideration, perhaps more important 20 - 25 years ago than today, 
is that of social pressure on girls whose maturation is early may be 
such that they may be directed away from sports during early adolescence. 
2.14,6 Nutritioaal status and BMI: 
Menarche, which is the most easily identified event during pubertal 
development, can be influenced by many factors. The factor(s) re^x)nsible 
for initiation of the hypothalamic pubertal changes are currently unknown. Frisch 
and Revelle, 1970, has proposed that critical body weight aid body fat content 
are required for initiation of menarche. Her theory is supported by the fmdings 
that in states of malnutrition and chronic diseases there is a delay in menarche. 
Frisch and Revelle, (1970) developed a method for predicting 
the age at menarche from height and weight and also determined that the 
ratio of lean body mass to fat can be used in determining the sexual maturation. 
According to this study, 22% of the body weight is fat at the age of 
menarche. Although this exact percentage of fatness can be disputed , 
nevertheless some claim that low body fatness induced by athletic training 
is responsible for late menarche. The importance of body fatness has been over 
emphasized. It is the hypothalamic secretion that leads to rising levels of 
esfrogens that causes the onset of menstruation and that also is related to an 
increase in body fatness. Increased body fatness occurs concomitantly with onset 
of menarche but increased fatness is not to be emphasized as a determining 
factor in the age at menarche. Although it is possible that extremely low 
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body fatness may be a factor in delayed menarche (Bove and David; 1983). 
In so far as fertility is influenced by body fatness and predictable 
menstrual cycles, sports training may have an adverse effect on fertility. 
All evidences to date show that amenorrhea secondary to strenuous sports 
training and as well as weight loss is reversible when exercise is moderate. 
2.15 Mean menarcbeal ages from difTerent parts of the world : 
In Asia, the mean menarcheal age is 12.7 years from the six 
published reports from different parts of the continent. In South East Asia, the 
highest mean age reported is from Sri Lanka (Prakash et al 1984) as 13.4 
years. Whereas in the two other studies done in North America ( Frisch and 
Revelle, 1973) and Hong Kong (Chang etal 1982), the mean menarcheal age 
reported is the same i.e. 12.4 years. Ayatollahi etal , in a study done in Sbiraz 
in 1999 has reported a mean age of 12.91 years for attaining menarche. 
In African countries the various published works show mean 
menarche age of 13.12 years (C. I. Ikaraoha, Nigeria, 2005 ) and as high as 
16.0 years (Seung Kupku, North Korea, 2006). The lowest reported mean 
age being from China (Janita D. and Chang, 1999), as 12,05 years while 
Dr. Srinivas et al (Nigeria, 2005) in a recently published paper reports it to be 
13.2 years from Africa. 
In the two published reports trom the African continent , frcwn 
Nigeria and Sudan (Attalla e ta l , 1983), the mean age of attaining menarche is 
comparatively higher as 13.3 years. 
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It has been difficult to derive norms for Indian girls due to wide 
variations in the S(K;ioeconomic status, nutritional conditions and regional differences 
in our country. Various authors from various parts of the country had reported a 
wide range of means, however the mean age of attainment of raenarche resembles 
closely the means reported in European and Asian studies, ranging between 11.5 to 
13.6 years. 
In different studies published from southern India, Bai and Vijay 
Lakhshmi (1973) reported a mean age of 13.3 years. In two other studies done 
in different cities, the means reported were considerably higher. In the first study 
Singh et al (1986)reported a mean of 12.6 years, while in the second study Th. 
Somola Devi (2005 ) reported a mean of 14.8 years - the highest reported mean 
menarcheal age in any Indian study. 
In North India, Tripathi etaJ (1985) reported a mean age of 12.8 
years from Varanasi, a similar mean of 12.6 years was later reported by Qamar et 
al from the same state in 1991 . However,in the third study done by Singh and 
Ahuja in 1999, the mean age was found to be 14.8 years. A similar mean of 14.7 
years was later reported by Sing^ etal in 1989 from Ludhiana school girls. 
In an all India study by Aggarwal etal (1992), ip which pooled 
data from 8 different states of the country was studied, reported an average of 
12.6 ± 0.04 years. Whereas, the NFl study report done from four states in 1989 
reported a mean of 12.4 years. AgarwalandS.Gomber (2003) reported 12.13 years 
as the mean menarcheal age . Mahua Sen Gupta from W. Bengal (2003) and 
Anuradha Shekhar from Mumbai (2004) reported same mean menarcheal ages of 
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13.2 years. The mean menarcheal ages as reported by various studies done in 
different parts of India is given in the table. 
Mean menarcheal ages as reported by various authors from different parts in 
India and the World 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Place of study 
North America 
Sudan 
Sri Lanka 
Nigeria 
Hong Kong 
Shiraz 
China 
Nigeria 
Nigeria 
North Korea 
INDIA 
Varanasi 
Punjab(Gujjar giris) 
Delhi 
Mumbai 
Kolkata 
Coimbatore 
ICNfR Study (All) 
Chennai 
Delhi 
W. Bengal 
Mumbai 
Manipur 
Present study 
Authon; 
Frisch R.E. and Revelle R. 
N.L. Attallahat etal. 
Prakash S. and Pathmanathan G. 
0. Fakeye 
Chang et al. 
Ayatollahi etal. 
Janita D. Chau and Anne M.Chang 
Dr. Srinivas et al. 
CJ.Ikaraoha etal. 
SeungKupku etal. 
Tripathi et al. 
Singh etal. 
NFI Report 
Aggarwal etal. 
Subra Manyam and R. Jayashree 
Aggarwal and S. Comber et al. 
Mahua SenGupta 
Anuradha Shekhar 
Th. Somola Devi 
. . . 
Year 
1973 
1983 
1984 
1985 
1989 
1999 
1999 
2005 
2005 
2006 
1985 
1986 
1989 
1992 
1998 
2003 
2003 
2004 
2005 
2007 
Mean age at 
Menarche 
12.44 
13.91 
13.78 
13.6 
12.8 
12.91 
12.05 
13.19 
13.89 
16.0 
12.8 
14.8 
12.4 
12.6 
12.7 
12.13 
13.20 
13.16 
14.03 
12.36 
2.16 Kinetics of Menstrual Cycle: 
Menstrual Bleeding and <^cle length : 
As defined by Beller, 1994, Menstruation is die periodic physiological 
bleeding from the endometrium. It's onset, the menarche, occurs usually between the 
ages of 11 and 14 years ; it's termination, the menopause, occurs usually between 45-55 
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years . Menstrual bleeding is composed of red blood cells and leukocytes, desquamated 
endometrium, cervical mucus, vaginal cells and bacteria. 
According to E.S.E. Hafez, 1980, each women's menstrual cycle is an 
individual pattern of length, duration, intensity, and variability. The length of the 
menstrual cycle traditionally a lunar month, but only 10-15 % are exactly 28 days in 
length; the range is 24-35 days. In the normal cycle, variations in length reflect a longer 
or shorter preovulatory phase. Cycles can be considered normal if they are regular and 
the interval does not vary by more than five days. 
He further explained that irregularities in the lengA of the menstrual 
cycles are caused by abrupt changes in climate, serious emotional disturbances, and 
aging . Maximal variations in the length of the menstrual cycle occurs during the 
first five years after menarche and the last 6 years before menopause. These two 
transitional periods , characterized by very short and very long menstrual cycles , vary 
greatly in length and are much like mirror images of one another. Unfortunately, there 
is no definite criteria for the ending of the menarcheal stages. 
John A. Rock, 2000, reported that the average menstrual blood flow is 
^prox. 30 ml, lasting for an average of five days . If the amount of menstrual bleeding 
is ^eater than 80 ml per cycle, it is considered abnormal. Most of the blood loss occurs 
in the first few days of menses . The length of the period does not appear to be an 
indicator ofthe degree of bleeding. According to Nelson and W. E., 1994, the volume 
of menstrual blood loss varies considerably among individuals, but each female tends to 
have similar magnitudes of blood loss fi-om cycle to cycle. 
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Khan A. D. et al, 1995, defined the first menstrual period, the menarche, 
as a late event in the sequence of pubertal development in girls, which occurs after the 
peak of height spurt. It is a sign of uterine development and does not signiiy the 
attainment of fijll reproductive function . The onset of puberty is associated with an 
increase in the adrenal steroid level. 
2.16.1 Adolescent Bleeding : 
The slow growth of the uterus during early childhood is followed by 
rapid enlargement at 10 years of age . In the next few years , under the influence of 
ovarian estrogens , there is a remarkable acceleration of uterine development. Adolescwit 
menstrual bleeding is less profijse and regular than the bleeding of adults, Most cycles 
are anovulatory, lacking a functional corpus luteura . A decrease in response of the 
endometrium to estrogen , with consequent diminution of growth stimulus, seems to cause 
bleeding with incomplete breakdown of endometrium (Novak, et al, 1971 ) . 
According to Israel, 1970, seasonal oligomenorrhoea , especially during 
the summer months, persists in about 20% of adolescent girls. 
2.16.2 Adolescent Infertility: 
The period of adolescent infertility in some girls lasts 12-18 months 
after menarche , and regular ovulation is not established until several years after 
menarche . Post menarcheal infertility may be due to anovulatory cycles , or it may 
cause incomplete maturation of the uterus. 
Hay Williams, 1995, explained tfiat tiie period of adolescent infertility 
enables the giri to attain greater maturity before reja-oduction . This is particularly 
advantageous because behavioral maturity may lag behind physical development. 
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Age at menarche is declining in some populations and a large proportion of early 
teenage girls can now conceive . Ovulation may also precede menarche, as in the 
rare cases of premenarcheal pregnancies. 
2.17 Health problems during adolescence 
2.17.1 Medical Problems (O.P.Gbai, 1998); 
a) Nutrition and Diet : Nutritional needs of adolescents are conspicuously 
increased due to speedy growth during adolescence . The diet should 
therefore provide for extra energy , proteins , and vitamins to meet the 
additional requirements. 
b) Obesity : There is a strong family history of obesity in obese adolescents . 
Individuals with truncal are more prone to cardiovascular diseases and 
diabetes. 
c) Anemia : Adolescent girls may develop anemia due to excessive loss of 
blood in menses if iron intake in the diet is marginal or low. 
d) Goiter: Thyroid enlargement is not unconunon during puberty especially in 
girls . Etiology is uncertain. The goiter is generally euthyroid functionally. It 
is best treated with thyroid hormone to prevent increase in size of goiter. 
2.17.2 Genitourinary and Gynecological Disorders (O.P.Gbai,1998): 
a) In the first two years after menarche , menses may remain irregular . Some 
menstrua! cycles may be anovulatory . 
b) Amenorrhoea: Delayed puberty , stress , depression , pregnancy , oral 
contraceptives , gonadal agenesis , and ovarian tumors may lead to 
amenorrhoea or oligomenorrhoea. 
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c) Dysfunctional Uterine Bleeding : Menstrual cycles are regular but bleeding 
continues for more than 10 days. Menstrual cycles may last for less than 3 
weeks. 
d) Dysmenorrfioea: It is a common complaint in adolescent girls. 
Dysmenorrhoea is primary in 75 % of cases (with no pelvic disorder). In 25% 
of cases dysmenoirhoea is secondary, with pelvic disorders or some structural 
abnomialities in the ovaries. 
2J7J Mental Health Frobkm i 
The profound physical and psychological changes of puberty distuits the 
child emotionally. 
Anxiety Disorders: According to Black B., 1995 anxiety may cause psychic , behavioural, 
and somatic manifestations . Nonnal levels of anxiety promotes healthy growth and 
development . But too much or too little a n x i ^ results in defective adaptations of the 
adolescents . An anxious child spends too much of his time in thinking about it and this 
interferes with his social, occupational, and academic achievements and functioning . I t 
causes considerable distitss. 
Treatment should be multi-faceted and not rely on a single approach . Parents 
and teachers should be taken into confidence . Non- specific psychotherapy is use&i in 
most cases. Environmental stress and conflict should be reduced or resolved. 
2.18 Growth Problems During Adolescence: 
Delayed Adolescence: Essentials of diagnosis 
- Delay in growth spurt and appearance of secondary sexual 
characteristics. 
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- Absence of endocrinopathies . 
As explained by Adele Hoffmann, 1983, the timing , extend , and 
patterns of pubertal changes vary widely within different individuals . In the evaluation of 
delayed puberty, developmental age is more reliable than chronological age. 
Developmental age may be based on x-ray determination of skeletal age and on standards 
of development of secondary sexual characteristics . Determination of sexual maturity may 
be based on the different stages as described by Tanner. He has described 5 stages of 
development of secondary sexual characteristics. 
The peak height velocity in boys usually occurs two years later than in 
girls and generally occur in stage four genital or pubic hair development. Many girls may 
have their peak height velocity in stage two of breast development. 
According to Marshall and Tanner, 1969, girls may take 1.5-8 years in 
passing from stage 2 to stage 5 breast development and 1.5-3 years from stage 2 to stage 
5 pubic hair development . Some girls may progress to stage 3 or 4 breast development 
before pubic hair stage 2 is reached. Alternatively , pubic hair may p ro^ss to stage 3 or 4 
before breast development starts. Most girls have their Menarche at stage 3 or 4 breast and 
pubic hair development . The peak height velocity in girls usually occur just before the 
menarche. 
Symptonis and signs : Bayley, 1995 and Gallagher, 1996 concluded that {nibeity may 
be delayed until as late as 18 to 19 years ; but most children reach puberty by 15 or 16 
years . There may be no symptoms except for psychological problems caused by teasing, 
exclusion from athletic and social activities , or just a feeling of being different from 
others. TTie psychological importance of delayed adolescence may be manifested as poor 
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school work , delinquent behavior, withdrawal etc. The physical examination shows that 
there is a lag behind children of the same age in body weight, muscular development , 
stages of sexual maturity , and psycho social development . The history may show that 
growth retardation has been evident throughout childhwxl or that another family member 
has exhibited the same pattern of development. 
According to Adele Hofirnann, 1983, menstrual periods often are 
irregular in timing , duration and amount for 1-2 years after menarche . They may range 
ftom 2-4 days of flow every 10 -14 days to no flow for many months . Cycles may be 
anovulatory or ovulatory . These cycles tend to be associated with milder cramps and fewer 
pre menstrual symptoms than mature ovulatory cycles. 
Once established, mature menstrual periods lasts from 2-7 days (average 
5), with the heaviest flow occurring near the onset. Cycles can be as short as 21 days or as 
long as 45 days and still be normal, although the interval is consistent for the individual . 
A common pattern in adolescents is a 30 - 35 days cycle. 
2.19 Menstrual disorders during adolescence 
2.19.1 Dysfunctional Uterine Bleeding: 
- Irregular, non-cyclic bleeding. 
- Absence of systemic and pelvic disorders. 
- Occurs after menarche and before regular ovulation is established . 
According to Gailey, T.A., 1975, most abnormal bleeding problems in 
this age group falls into the category of dysfiinctional uterine bleeding . Irregularity in 
timing and amount of flow may continue for 1 - 4 days following menarche . Basically , 
dysfiinctional uterine bleeding refers to abnormal bleeding not due to pregnancy, trauma , 
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infections , or blood dyscrasias . Appropriate history , physical examination - including 
pelvic examination ~ and indicated laboratory studies may be completed before arriving at 
this diagnosis. 
2.19.2 Primary Ameoorrhoea: 
According to C. Henry Kempe ; 1978, Primary amenorrhoea is defined 
as failure of menarche to occur; it may be difficult to differentiate from delayed menarche. 
Etiology: 
a) Physiological causes; Amenorrhoea may have a physiological cause , e:g , delayed 
menarche or rarely, pregnancy. 
b) CNS or Hypothalamic - Pituitary causes: Causes in this category includes congenital 
disorders such as pan hypopituitarism or hypogonadotropic hypogonadism , in which there 
are decreased levels of LH or FSH . Pre pubertal polycystic ovaries are also a possibility. 
c) Psychogenic causes: Anorexia Nervosa is the only psychogenic cause of primary 
amenorrhoea in adolescent girls. 
d) Genetic causes: Genetic causes to be considered as Turner's syndrome and variants , 
adreno genital syndrome, and testicular feminization syndrome. 
e) Endocrine abnormalities: These include hypothyroidism , diabetes mellitus , and 
functioning ovarian tumors. 
f) Miscellaneous causes : These include chronic debilitating conditions and auto immune 
disorders. 
It is necessary to obtain a carefol history and physical examination , 
including a pelvic examination . The physician must look for absent, poor , or well 
developed secondary sexual characteristics and for ambiguous or abnormal genitalia , 
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Other recommended procedures are thyroid fiinJ^iQiKtests , and measurajKent of urinary 
17 - Ketosteroid and FSH levels. The management d^Sadai&itire^^se. 
2.19J Secondary Amenorrhoea: 
It is the cessation of menses following the onset of menarche. It is the 
absence of spontaneous bleeding for an interval of at least 120 days. 
ETIOLOGY : The most common cause of secondary amenorrhea in adolescence is 
pregnancy . Temporary cessation of menses also frequently occurs when birth control pills 
are stopped , Amenorrhea in such cases may last 2 - 3 months . 
a) Ovarian causes : These include ovarian neoplasms such as granulose cell 
tumors, and polycystic ovarian disease . A rare cause is auto immune disease 
in association with hypo parathyroidism.( C. Henry Kempe; 1978) 
b) Non ovariaD causes: 
i) Psychogenic cause: Amenorrhea may be triggered by envirorunental or 
emotional trauma. 
ii) Nutritional deficiencies : Amenorrhea may be produced by "crash diets" 
and may occur with anorexia nervosa , sometimes months before significant 
weight loss occurs. 
iii) Organic brain disease : Causes of amenorrhea include supra cellar and intra 
cellar tumors. 
iv) Systemic illness \ Causes in this category include thyroid disorders or 
adrenal diseases. (C. Henry Kempe, 1978) 
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2.19.4 Dysmenorrhoea: 
Normal menstrual cycles may be frequently associated with difficult , 
painfiil menstruation ( dysmenorrhea ). Usually the pain is sharp and colicky , radiating 
into the flanks, thighs and low back , beginning shortly after the onset of menstruation . It 
is worst on the initial day of menstrual flow and may be accompanied by nausea, vomiting, 
diarrhea , headache , irritability , anorexia and fainting . When the patient acquires her 
symptoms at an early age , within a few months after the onset of regular ovulation , and 
has symptoms that recur at predictable intervals , often with progressive intensity , 
dysmenorrhea often is classified as primary, It may be relieved by pregnancy and steroid 
contraceptives. 
Secondary dysmenorrhea ( acquired , organic , or extrinsic ) is usually 
associated with a detectable oi^anic defect or contributing cause. The onset is variable and 
there are no typical accompanying symptoms.(E.S.E. Hafez; 1980) 
As described by E.S.E. Hafez, 1980, excessive menstrual bleeding 
(menorrhagia ) with or without uterine polyps and fibroids may cause dysmenorrhea . A 
rare cause of painfiil menstruation is stenosis of the cervical canal or uterine 
malformations, both interfering with blood drainage. 
The treatment is designed to correct an organic cause, inhibit 
prostaglandin production, suppress ovulation via the use of contraceptives, or relieve pain. 
Pregnancy and delivery appears to inhibit the recurrence of dysmenorrheal. 
2.19.5 PreMenstrual Syndrome: 
Hafez, 1980 defines the premenstrual phase as the period preceding 
menses by 3 - 4 days .During this time up to 30% of all women will experience a change 
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in their physical and emotionaJ status that may range fix)m mild discomfort to severe 
functional impairment . Pre menstrual increase in blood viscosity, serum glucose, blood 
pressure, pulse rate, and thyroid activity have been observed. 
Pre menstrual syndrome, a constellation of monthly symptoms occur in 
the luteal phase of the cycle (days 14 - 28 ) . Severe symptoms occur in up to 10% of all 
susceptible women; up to 40% experience less severe symptoms. (Ugarri DN, Klinger 
S;1988) 
According to David L. Katz, 2001, there are four distinct symptom 
complexes implied by the rubic of PMS : anxiety is prominent in one , depression in 
another, food craving in another, and hypertension in the fourth . Each variant of PMS has 
been associated with distinct physiological disturbances; therefore , treatment strategies 
vary with syndrome. 
As described by E.S.E. Hafez, 1980, the common recurrent symptom of 
the pre menstrual syndrome are weight gain, tension, swelling of fingers and legs, bloated 
feeling of breasts and abdomen, headaches, dizziness, palpitation , ti^tness and itching of 
skin, nervousness, irritability, anxiety and depression. Symptoms may vary firom cycle to 
cycle . Usually starting 1 - 3 days before menses or as early as 10 days before bleeding. A 
strong association exist between the incidence of behavioral disturbances such as suicide, 
crime and psychiadic admissions and the premenstrual phase of Uie menstrual cycle . The 
control of mood may be related to the concentration in the central nervous system. 
2.20 Consequences of Early versus Late Maturation: 
Although on an average giris enter adolescence about two years earlier 
than boys, there is considerable variation among individuals . Normal giris may begin to 
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menstruate as early as 9 '/j or 10 as late as 16 or 16 '/i. The rate of maturation is equally 
variable in boys. 
The effects of maturing early or late than one's peers differ for girls and 
boys . Early maturing girls suffer embarrassment in elementary school , when they are 
taller than most of their classmates and are already beginning to develop breasts. By junior 
high school, however , their physical maturity has become an asset, and they tend to be 
more popular than slower maturing girls . No consistent effects have been reported for late 
maturation in girls (Maurer, 1983), 
During the past century , there has been a trend towards increased size 
and earlier maturation , probably due to better nutrition in early life. According to Tanner 
( 1971 ) , one clear indication of early maturation is the trend of menarche age. In average 
population menarche has tended to occur three or four times earlier per decade since 1850 
(Brian and Smith ; 1973 ) . The relationship between nutrition and menarche age is 
demonstrated by different studies. 
Having established the fact of variability in the timing and rate of 
maturation, we must know what are the effects of early or late maturation on the 
adolescents. Various studies have been conducted on this subject. Most support the thesis 
that early maturers tend to have an easier time with social adjustment. Studies by Baylay 
(1995 ) have revealed that early maturers exceed late maturers on questionnaire measures 
of sociability , sense of well being , dominance , achievement through conformity and 
related areas. However there has been no cl«»r evidence of differences between late and 
early maturers with respect to emotional disorganization, loss of control, or other signs of 
psychological problems (Gailey, 1975). In the absence of significant group differences in 
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maladjustment, the hypothesis concerning tension and feeling of inferiority lacks evidential 
support. 
Research suggests that maturational timing makes an important 
difference in social and emotional adjustment, since having physical characteristics that 
help one gain social acceptance from others can be very comforting to young adolescent 
boys and girls . Socially poised and popular with their age mates, early maturing boys held 
a high proportion of positions of leadership in school , and they also tend to be athletic 
stars. In comparison , late maturing boys were not well liked, and peers and adults viewed 
them as anxious and attention seeking in behavior ( Bayley and Bayley , 1965 ; 
KlingerS, 1988). 
In contrast, studies showed that early - maturing giris were not socially 
advantaged . They scored below average in popularity, appeared withdrawn and lacking in 
self - confidence , and held few positions of leadership . Instead , their late maturing 
counterparts were especially well off. Late maturing giris were regarded as physically 
attractive , sociable , and poised by peers and adults , and they held more positions of 
prestige and leadership at school (Frank D. Williams, 1999 ) . However, the consequences 
of being an early versus late matures were not as long lasting as they were for boys. By the 
time female subjects reached adulthood, early differences associated with rate of 
maturation were nonexistent (Meyer, 1989 and Berk, 1989). 
2JI Adolescent NiitritioD: 
The rapid adolescent growth spurt places extra demand on nutritional 
requirements . Adolescent "growth spurt" results in a 50% increase in calcium and 15% 
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increase in iron requirements . Also adolescence is a time when young people change 
their eating patterns and life styles and become susceptible to environmental influences. 
Inadequate nutrition in adolescence can potentially retard growth and 
sexual maturation . Inadequate nutrition can also affect adolescent's current health and put 
them at high risk of chronic diseases. The adolescent, his parents, and often his coaches, 
need education about unhealthy practices such as repeated rapid weight loss for wrestling, 
which risks dehydration , or the use of diet pills or anabolic steroids. Dental caries may be 
the most common nutritional problem , deserving education about the sugar intake as well 
as dental hygiene. 
When an adolescent presents with weight loss, thorough investigation is 
warranted . Anorexia nervosa must be considered. During the height spuit, failure to gain 
weight may be as significant as actual loss of weight. On the other hand , the adolescents 
who think he is under weight but is growing normally, may only need reassurance. 
Adolescent girls are at a particularly high risk of malnutrition because of 
gender discrimination in distribution of, and excess to, food within the family. Inadequate 
nutrition of giris during adolescence can have serious consequences through out the 
reproductive years and beyond . According to Antia (1968) an undernourished girl has a 
risk of developing complications during as the chances of her giving birth to low birth 
weight infants increases, thus perpetuating a vicious cycle of malnourishment and ill 
healUi. 
A survey carried out in 1996 by the National Nutrition Monitoring 
Bureau (NNMB ) . India revealed that intake of most foods except cereals , millets, roots 
and tubers , was below the recommended dietary allowances ( RDAs ) in all age and sex 
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categories of adolescence . Consumption of protective foods such as green leafy 
vegetables , fruits , pulses and milk was grossly inadequate . Deficient intake was more 
pronounced for micro nutrients i.e., iron and vitamin A than that of proteins, energy and 
total fat (Ghai, O.P.; 2003 ). 
221.1 llDder Nutrition: 
Inadequate food supply, especially in poor house holds , is a major 
contributing factor to under nutrition . For adolescent girls, gender - based discrimination 
in distribution of, and access to , food within the family can be a strong factor in under 
nutrition . Almost half of the adolescents of both sexes were not getting even 70% of their 
daily requirements of energy and a quarter of them were getting less than 70% of RDA of 
protein. Malnutrition is seen in 30% of adolescent girls and 18% of adolescent boys 
(NFHS 1998-99). 
221.2 Micronutrient Defeciency: 
Deficiencies of vitamin A, iron and iodine are common among 
adolescents. The adverse effect of these deficiencies include delayed growth spurt, stunted 
height, delayed / retarded intellectual development, anemia , and increased risks in child 
birth. 
According to O.P.Ghai, 2003, Iron deficiency anemia (IDA) is generally 
recognized as the main nutritional problem in adolescents; it's prevalence ranging from 
than 50% in developing countries to 6% in industrialized counties. Giris are usually 
expected to have higher anemia rates due to the onset of mwiarche. The young girl's 
nutritional status prior to pregnancy is very important. During pre^iancy the needs for 
energy and proteins increases, as does the needs for increased vitamins and minerals . In 
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adequate iron stores before conception is a major cause of iron deficiency anemia during 
pregnancy. 
2J1 JOverweight And Obesity : 
Life style changes related to high fat diet and low levels of physical 
activity have resulted in the rising prevalence of over weight and obese adolescents . 
Perhaps 20% of the adolescents are over weight. Obesity is usually the result of excessive 
food intake and / or decreased activity , usually continuous from childhood . Obese 
teaiagers are generally vulnerable to social discrimination . Poor self esteem and body 
image are consistently associated wiA obesity in adolescents (O. P. Ghai; 2003 ) 
Harris and Robert, 1987, pointed that treatment of adolescent obesity is 
extremely difficult and requires a comprehensive approach including nutritional education , 
physical activity and psychotherapy . Weight reduction during periods of rapid growth 
must be done cautiously to avoid negative nitrogen balance. 
2.21.4Eating Disorders: 
According to O.P. Ghai, 2003, most adolescents are conscious about the 
changes in their bodies . They want to conform to the "ideal" body image . As such , they 
try unhealthy diets and engage in unhealthy eating habits that can lead to eating disorders . 
Anorexia nervosa have been observed among young women from various social, 
economical and ethnic back grounds . The factors associated with eating disorders are 
complex , however, the association between eating disorders and low self esteem is 
common. 
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2 J U Impact of Excessive Weight Control : 
Adolescent girls go to extreme measures to remain thin . Most young 
women want to reduce their weight in order to be what they believe is more beautiful , 
attractive , or healthy . Their dieting behavior is supported by their female friends and by 
commercial advertising . As a result of reduced food intake, the average energy intake of 
women between 15 to 19 is only 93% of their daily needs . Their average daily intake of 
iron and calcium is only 85% and 71% - 80% respectively , of the RDA , These young 
women would have iron deficiency anemia , osteoporosis (at present or in later life ) , 
amenorrhea , or develop eating disorders , which further complicates the situation (O.P. 
Ghai,2003). 
2.21.6 Improving Nutritional Status of Adolescents: 
Improving the nutritional status of adolescents requires a multi sectoral 
approach to ensure adequate food supply , equity in food distribution , improving 
knowledge about nutriti(»iai information, and power of media and gender in effecting food 
choices and eating practices . Nutrition promotion should be incorporated as an integral 
part of health promotion at the school, household and community levels . Such promotion 
should include healthy eating, healthy lifestyle, equity to food distribution, and enhancing 
self esteem , prevention and management of nutritional risks and problems at health 
facilities, and nutritional supplementation. 
2J1.7 Nutritive Needs: 
Scientific information about the nutritive requirements of adolescents and 
youth , especially for calories , fats , proteins and amino acids is limited , according to 
"Hegsted" (Henrietta Flock, 1981). 
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Few studies , for example , have been done to measure the caloric 
consumption over long periods of time and equate it with performance .Nutritive 
requirements for boys and giris reach the maximum during the period of preadolescence 
and adolescence . Only during pregnancy and lactation do giris surpass their teenage 
requirements. After 10 years of age, allowances for boys and giris are stated separately. 
In planning dietary allowances for the age groups of 11-14 , 15-18 , 
and 19-22 years , the Food and Nutrition Board (1980) took into consideration growth 
periods , rate of maturity , size , body composition, activity and the related factors in a 
general manner . Individuals must bear Uiese factors in mind in planning their own dietary 
intake and make necessary adjustments. 
Nutritive requirements reflect the fact that girls complete their growth 
much earlier than boys. The caloric requirement for both boys and girls need to be adjusted 
according to their activity. If they tend to lose weight on this caloric intake, it is necessary 
for them to adjust calories. Sleep as well as activity has an effect on the amount of calories 
needed . Many teenagers get insufficient sleep . Consequently , tiieir period of activity is 
prolonged so that even more energy is required . Giris have a peak caloric intake at 
menarche of 2400 calories , followed by a slow decline to 2100 calories by age 16 
(Halpem ; 1989). One of the most critical nutrient of this age is calcium . It is estimated 
that the daily intake of calcium during this period must be enough to permit the storage of 
more than one pound of calcium . This may seem like a very small amount, but storage is 
difficult to accomplish because the daily diet will seldom ftimi^ more than 1/400 pound, 
of which only some can be stored under the most favorable conditions (Henrietta Flock; 
1981 ) . Only 10 - 33% of dietary calcium is absorbed . In both males and females , the 
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RDA for calcium increases from 800 mg at age 10 to 1200 mg during growth spurt 
(Halpem;1989). 
Calcium is needed to provide material for the growth of skeleton, the 
teeth , and for other physiological ilmctions . Owing to the very uneven distribution of 
calcium in foods , an adolescent must use milk and milk products as the prime source . 
Some investigators have discovered that emotional stress and strain, which are quite 
characteristic of the adolescent period, may interfere with the retention of body calcium . 
Proteins and amino acid needs for this age group has been largely 
extrapolated from studies on protein requirements for younger and older groups . Attention 
must be directed to the quality of proteins consumed and the needs for specific amino acids 
( Hegsted , 1976 ) . Protein intake is in direct proportion to the needs for other nutrients 
and should provide approximately 12-15% of the total caloric intake ( Halpem, 1989 ) . 
Carbohydrates should supply 40 - 50 % of caloric intake. Fats should constitute 30 - 45% 
of caloric int^e. 
Iron for body tissue and blood is also essential. Since this age marks the 
onset of the menstrual cycle for giris, it is particularly important that they have an adequate 
supply. hi females, menstruation and pregnancy also threaten iron balance. A menstruating 
female loses 15 - 30 mg of iron per cycle (Halpem, 1989 ) . Iron absorption is a complex 
process that can occur along the entire alimentary canal but is greatest in the duodenum. 
Absorption of iron is influenced by the form of iron ( ferrous , ferric ) as well as by other 
constituents ( phosphates , calciimi, acids ) in the diet. Some elements cause an increase 
and others a decrease in absorption. Iron cooking utensils results in a marked increase in 
the iron content of foods. Iron absorption is enhanced by iron deficiency and decreased iron 
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stores. In general, the mean iron absorption from animal sources is twice that from 
vegetable foods (Halpem, 1989). 
According to Henrietta Flock, 1981, Iodine requirements are increased in 
adolescents especially in girls. If iodine intake is reduced to the point of inadequacy , 
thyroid difficulties will certainly occur . The use of iodized salt and iodine rich foods 
will provide an adequate intake. 
It is advisable for parents and others to bear in mind that although a 
young person may be of the same size as an adult his/her nutritional requirements 
are much greater. Growth takes place in spurts,and it is particularly important that 
sufficient nutrients be provided during the rapid period of growth. 
The recommended dietary allowances for normal healthy growing 
Indian adolescents according to ICMR (2004) standards is given in appendix 10. 
2.22 Methods used in Dietary Studied of Adolescents: 
According to G. H. Bourne, 1998, dietary surveys may be conducted 
in a number of ways in order to arrive at an assessment of the food consumption 
pattern of nutrient intake of individuals. The methods most frequently used with 
adolescents and young adults are the dietary recall method and the food 
consumption record methods. Recalls of more than one day are sometimes performed 
but the accuracy with which the subjects can remember their consumption over a 
period of more than three days probably renders unreliable recalls of greater extend. 
The weighment method relies on the literacy and the nimieracy of 
the population under study. Such surveys are very costly and labour intensive. The 
recall method is more likely to produce a reliable estimate of the intakes where a 
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regular meai pattern is adhered to. Snacking and between meal eating may be easily 
omitted on recall and this has obvious disadvantages. 
According to various researchers, (Bourne G.H., 1988; Nelson et al, 
1994; Tripathi, 1986; Hoffmann et al , 1983 and Hegsted, 2003), 24 hour dietary recall 
method is more likely to produce a reliable estimate of intake where a regular meal pattern 
is followed. Other methods like 3 daysand 7 daysrecall method, weighment method were 
not found feasible .Although more accurate, such surveys are very costly and labour-
intensive. Diet history method could be used more accurately for intake of food groups but 
not for nutrients consumed. Keeping these views in mind, 24 hour dietary recall is often 
employed for the cross sectional studies. 
2 J 3 ENVraONMENTAL AND PSYCHOLOGICAL INFLUENCES ON DIET : 
During the teenage period, there is a strong need for acceptance 
from peer groups. Our society places great emphasis on body awareness. In f«nales 
especially, the need to be slim often comes into direct conflict with good nutrition. This has 
led to poor ^ i n g habits and fad diets which invariably result in nutritional deficiencies , 
particularly of vitamins. 
Because of the need to participate in after school activities and athletics, 
less time is spent having meals. There are fewer "family meals", meals are wolfed 
down and carbohydrate rich, empty calorie foods are eaten to relieve hunger quickly. The 
decline of family meals, eaten together, leisurely in a formal dining room, has been a 
adverse factor in adolescent nutrition. 
Those teenagers who are more athletically inclined and body 
conscious may maintain there slimness at the expense of nutritional needs. Ideal 
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nutritional situation including balanced meals rich in fruits, veget^les, milk, with a few 
snacks in between , and a plenty of time to dine with family or friends, frequently seems 
impossible for the busy teenager . Between - meal snacks are appropriate for the 
physically active adolescents because carbohydrates are poorly stored in the body. The 
adolescent starved for a 6 hour period may deplete this energy source. 
2.24 Diet and the Menstrual Cycle: 
Variations in the food intake and preferences occur during the normal 
menstrual cycle . Even more extreme variations are characteristic of Premenstrual 
syndrome (PMS) , particularly the subtype in which food cravings are the predominant 
feature . Hormonal variations during the menstrual cycle includes changes in taste 
perception , nutrient metabolism and the thermal effect of food . Dietary management of 
PMS is often possible. 
The recurrent honnonal fluctuations associated with the menstrual 
cycle interact with diet in important ways . Appetite , hunger , satiety, cravings and 
aversions all vary with the cycle. These variations are subtle in many women but 
quite profound in others. 
The converse situation also is true. That is , dietary pattern potentially 
influences the menstrual cycle . Estrogen is metabolized in adipose tissues , and levels 
are affected by both excessive and deficient adiposity .Variations in eating pattern and 
appetite is a well recognized occurrence even in normal menstrual cycle. 
Vegetarianism has been reported to be associated with a increased 
propensity for amenorrhea, oligomenorrhea (heavy menstrual bleeding) and 
ovulation . However studies to date have been limited by sampling bias. Although 
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there are various mechanisms by which a vegetarian diet could lead to 
menstrual irregularities, the most plausible is loss of body fat. Strict vegetarian 
diets are associated with both amenorriiea and weight loss beyond 
recommended levels. However the occurrence of menstrual irregularities 
in female athletes without disordered eating is well established; the term 
"exercise - related menstrual irregularities "Jias been applied. To date , there 
is no clear association between dietary pattern and risk of 
dysmenorrhea (David L.Katz, 2001). 
Cfiapter-3 
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MATERIALS AND METHOD 
The present cross sectional study was conducted to determine the 
age at menarche and its associated correlates among adolescent girls . The study 
was planned aAer reviewing a vast range of existing literature , both national and 
international. Efforts were also made to discover what has already been done and 
also what has not been done in the area of adolescent health. Major studies and 
related researches were examine from primary and secondary reports including 
books, journals, magazines, and internet. 
3.1 Locale of the Study: 
The present study was carried out on adolescent girls aged 10-15 years 
in Aligarh city. The Aligarii district is situated in the north wei^m region of Uttar 
Pradesh , at a distance of around 132 kilometers irom Delhi. It comprises of 68.97 
square km and has a population of 6,58,165 (Census Department of Aligarh City 
Corporation, 2001 ). The climate of Aligaii) city is extremely hot from April to 
August and very cold during December to February. The population of Aligarh city 
is of mixed nature representing people of different religion, occupation and socio-
economic levels. Aligarh is educationally an important city because of its central 
university which is well known around the world . It is also famous for it's lock 
industries. The districts neighbouring Aligaih aie Agra , Meerut , Mathura , 
Buland^^ar, Khuija, Etah, e.t.c. The major consideration for the selection of locale 
are that studies have not been done to evaluate age at menarche and it's associated 
correlates in this region so far. 
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3.2 Research Design : 
For the purpose of the study, list of all the secondary schools 
catering to female students was obtained from district Basic Education ofncer(Nagar 
Nigam , Aligarh - 2004-05). From the data provided by the Nagar Nigam it was 
found that there were all together 21 such schools. The schools were selected for the 
purpose of study by using stratified random sampling method by dividing city of 
Aligarh into specific zones on the geogK^hical lay out, to ensure the study to be 
representative of the whole city. Schools situated in these zones of the city 
catering to different income groups were identified. After identifying the schools, 
school authorities were approached for seeking necessary permission to conduct the 
survey. Based on the consent and active cooperation of the school authorities; four 
schools, one from each region, were selected to include population of students from 
all income groups and all religions. The design of the study was cross sectiona). 
33 Population: 
The total population of female students in Aligarti city in the age 
group 1 0 - 1 5 years was approximately 26,450 [ source : District Basic Education 
Officer (2004-2005) ] .The population in the four selected schools was approximately 
2,250, which was calculated out to be 8.5% of total female population in Ae age 
group 10-15 years. Pilot study was conducted on a selected sample of population to 
know the prevalence of menarcheal subjects . Sample size of the study was 
calculated on the basis of prevalence rate of menarcheal girls, which was calculated 
to be 2.6 % of the total population. The study was carried out during the academic 
session 2005-2006. 
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3.4 Selection of the Particular Age Group: 
As the present study was carried out to determine the age at 
menarche and it's correlates among adolescent girls (10 - 15 years) in the Aligarh 
city, this age group forms a large percentage of population and thus provides high 
representatives. There was the need to evaluate the health problems of adolescent girls as 
most previous studies have focused on pre school and primary school children and the 
adolescent population is generally neglected. Also this particular age group has a 
high vulnerability to malnutrition. The onset of menarche is the most striking factor 
in the whole process of female maturity, the age at menarche is an important factor 
in health planning and future development. Since the age at menarche varies irom 
10 years (early maturing ) to 15 years (late maturing ), the girls between the age 
group 10-15 years were included in the study .As the onset of menarche is the 
most important factor of female maturity, only female sample was selected for the 
study. 
3.5Criteria for Choosing the Sample: 
1. Only the girls between age group 1 0 - 1 5 years were included in the 
sample. 
2. Only female students were selected. 
3. All students attending a regular class room were asked to fill the 
questionnaire. 
4. Absence of any kind of deformities or physical handicap was fiirther seen. 
5. Regular absentees were excluded from the sample. 
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6. Only local students residing in Aligarh since past 5 years were selected to 
avoid biasing . Migrants or girls from other states and districts were 
excluded from the sample. 
3.6 Selection of Popolatiofl Sample: 
The selection of the sample size was based on the prevalence of current 
problem under study. The sample size was calculated using the statistical formula -
N - 4pq/L^ 
Where p - prevalence of current problem under study. 
q - ( l O O - p ) 
and L = possible error (which is 10-20% of p ) 
As pointed out earlier, to arrive at the final sample size, a prior 
pilot study was done to assess the prevalence of menarcheal girls between 10 -15 
age group. It was found that 40% of the girls included in the pilot study had 
reached their menarche. Based on these assumptions, the sample size was calculated 
by using the above formula, keeping prevalence as 40% and error 15%-
N = 4 X 0.4 X 99.5 = 715.9 (700 in round figures) 
14.92 X 14.92 
The total population of females in the age group 1 0 - 1 5 years 
from each school was taken as a, b , c , and d. Their total sum was taken as 'A' . 
The total number of subjects to be included in the study fi^m each school was 
proportional to the sample size and was calculated using the formula 
Population of school a /A x N = subjects to be included in the 
study from school a 
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Hence, 
~ Totet yoDulation of school a >^ N (sample size) 
(no. of subjects Total population of 4 schools (A) 
to be included 
from school a ) 
A = a + b+ c + d = 300+ 1200+ 500 +250 = 2250 
Therefore, 
n (2i\ = 300 X 700 = 9 3 (100 in round figures) 
2250 
n (b) = 1200 X 700 = 373 (350 in round figures) 
2250 
n (c) = 500 X 700 = 155 (150 in round figures) 
2250 
n (d) = 250 X 700 = 78 (100 in round figures) 
2250 
After arriving at the sample size , the number of girls to be 
selected from each school were divided equally among the six classes (class V*"' to 
class X^) by stratified sampling identifying each stratum as the class of the school. 
The subjects were selected through stratified sampling method from the role list 
provided by the class teachers. Care was taken to carry on the survey in the recess 
time or in free periods. Time tables of all the classes were obtained from the 
authorities to avoid any academic interruption. 
3.7 Pilot Study: 
Initial versions of the questionnaire and all the techniques for 
measurement of anthropometric, and clinical examination were piloted on a set of 20 
adolescent girls from all selected age groups for the purpose of getting the prevalence of 
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the problem under study and the efficiency of the questionnaire. Consequently the content 
of the questionnaire was modified and minor changes were made in the method of 
gathering information about various variables of the study. With these changes, 
questionnaire was then used to study the adolescents and the results were found to be fairly 
satisfactory. 
3.8 Filling of the Questionnaire : 
The study was carried out using a pre tested and modified 
questionnaire. The questionnaire was prepared carefully in consultation with medical 
experts and was improved over several administrations. Each question was examined for its 
relevance to the study and the objectives before finalizing. All the subjects were 
personally asked to Ull the questionnaire provided to them (Appendix 9) .Back 
ground information on every subjects family was obtained with respect to 
educational level and occupation of both parents , birth order of the child, number 
of siblings and religion . Enquiries were also made with regards to family history 
and the girl's history of age at menarche and menstrual cycle . The subject's 
anthropometric measures, eating habits , presence of iron deficiency anemia and 
blood pressure were also taken . Based on the age at menarche the sample was classified 
into three groups as early (9.6 - 11.5 years), normal (11.6 - 13.5 years) and late matures 
(13.6-15 years). 
Sexual Maturity Rating ( SMR ) was done using Tanner's stages . 
Total dietary intake was assessed using 24 hour dietary recall method. The whole 
questionnaire was divided into five sections. 
FILLING OF THE QUESTIONNAIRE 
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3.9 History and ExamiDation : 
A detailed history was taken and a thorough physical examination 
was conducted in each subject under the following heads-
1. Generalinformation 
2. Socio-economic status 
3. Physical examination 
4. History of the Menstrual cycle 
5. Diet survey 
3.9.1 - General Information 
1-Age of the subject: Apart from asking the age from the subject herself, her exact 
date of birth was confirmed from the school records. The age was recorded as on 
the day of survey and was rounded off to the nearest preceding year. Hence 11 
years referred to all those adolescents, 10.01 through 10.12 years with an approximate 
mean of 10.06 years. Apart from this the actual age in completed years and months 
was also noted for ease of statistical analysis. 
2-Birth order: The birth order of the child was noted .The subjects were explained 
the meanings of questions as and when needed. 
3 - Religion: The religion of each subject was asked and noted in the questionnaire. 
4 - Eating Habits : The eating habits whether vegetarian , oligo-vegetarian , or non 
vegetarian were asked and noted in the questionnaire. 
5 - Meal Pattern : The daily meal pattern i.e. 2 , 3 , or 4 meals per day was also 
asked and noted in the questionnaire. 
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6 - Mode of feeding in infancy ; The SMiei^^l»reK;^d;^^|j^ask their mothers about 
the mode of feeding during infancy (whether breast fed or bottle fed) and if breast 
fed, the duration of breast feeding and were followed up in the next visit As there were 
chances of population biasing in a cross sectional study like this, it was assumed that as 
most of the mothers were literate they would give the correct answers as this was the matter 
of only 10-15 years back. And in a longitudinal study too, the researcher has to rely on the 
verses of the mothers. 
3.9.2 - Socio Economic Status; 
8 - Father's education and occupation : TTie subjects were told to ask their parents 
for their educational qualification and occupation and followed up in the next visit. 
The subjects who already knew it were told to confirm from parents. Besides this 
the occupation of father and mother was ascertained from school records too . 
Grading of father's educational qualification and occupation along with respective 
codes are given in Appendix 1 (a) and 1 (b). 
9 - Mother's education and occupation : The subjects were investigated for mother's 
educational qualification and occupation in the same way as for father's . The 
grading of mother's education and occupation are given in Appendix 2 (a) and 2 (b). 
10-Socio Economic Status; Total income of the family was assessed directly by the 
questionnaire and wherever possible was confirmed from the school records. 
Socioeconomic status was graded according to T.Bhaskar Rao, 2002, as -
1. High Income Group (HIG) 
2. Higher Middle Income Group (HMIG) 
3. Middle Income Group (MIG) 
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4. Lower Middle Income Group (LMIG) 
5. Low Income Group (LIG) 
B.G. Prasad method of social classification modified as per the 
price index of 2002 was adopted for socio economic status (Appendix 3 ) . 
According to him the socioeconomic status is based on the per capita income 
of the family. 
3.9J - Physical Examination: 
11 - Anthropometry: Following anthropometric measures were taken using standard 
techniques described by Tanner (1992) and NCHS (National Centre for Health 
Statistics) staidards (2004) and findings were recorded in the proforma. 
i) Height: The height was measured using a standard scale. The height of the 
subject was obtained by making her stand without shoes on a flat surface against 
the wall by the side of a measuring scale. The subject was asked to stand with 
parallel feet and erect head with eyes starring straight in front. The heels, buttocks, 
shoulders and back touched the wall. The scale was then brought down on the 
head, pressing the hair and touching the head . The height was recorded up to the 
nearest cm. 
ii) Weight: The weight of each subject was recorded making her stand, without 
touching any object, on the center of a platform spring balance type weighing 
machine without shoes and with minimum clothing . The weight was measured up to 
an accuracy of 500 grams and the nearest reading was recorded . The weighing 
machine was checked for accuracy before each day's measurements and zero error 
TAKING ANTHROPOMETRIC MEASURES 
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was checked before each measurement. The same weighing machine was used for 
every subject included in the study. 
iii) Body Mass Index : Various indices of under nourishment has been devised . The 
most commonly used is Quetlet index or Body Mass Index ( BMI ) . BMI was 
calculated for each subject using the formula-
Weight in Kilo grams / Heigjit in meters^ = kg / m^ 
The ranges of wt / ht^  expressed by ICMR (2000) tables are given 
in Appendix 4 . Any value of BMI < 18 was considered as an indicator of 
undernourishment. Some other classifications of BMI as given by different authors 
are also given. 
12 - Anemia : The colour of the mucus membrane particularly those on the underside of 
the eyelid, in which blood supply is close to the surface, provides an opportunity to 
observe the pigmentation of the blood. A pale mucous membrane is suggestive of 
anemia , whereas a more highly coloured membrane usually occurs in persons 
with adequate hemoglobin levels. Presence of any clinical signs of nutritional 
deficiencies especially iron deficiency anemia was specifically looked for. For 
clinically assessing anemia , the pallor was examined such as conjunctiva 
(Aggarwal et al, 1999), mucus membrane , lips , buccal cavity , colour of nails and 
palms etc. Anemia was graded according to pallor as mild , moderate, severe, and 
extremely severe ( Appendix 5 ). At this level it was not possible to get the blood 
samples for biochemical tests, only clinical signs of iron deficiency were looked for. 
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13 - Blood Pressure : BP of each girl was measured using a standard 
sphygmomanometer ( Pagoda ISI - 2000). BP was recorded up to the nearest 5mm 
Hg. (High and low ranges of blood pressure for adolescents is given in appendix 6 ) . 
3.9.4-Hfatory of Menstrual Cycle: 
ITie complete history of menstrual cycle of the subject was 
recorded under the following heads-
i) Age at Menarche: The girl was first asked whether she has attained menarche or 
not. If yes, then she was asked to write the age at which she attained m^iarcbe in 
complied years and months. 
ii) Menstrual Problems : Each subject was separately investigated and was asked 
questions related to various menstrual problems and irregularities such as presence of 
amenoirhea , dysfiinctional uterine ble«ling , dysmenorrhea ( presence of painful 
menstrual periods) etc. 
iii) Medication: Each subject was asked whether she used any medicines during her 
menstrua] periods. If yes, she was Auther asked about which kind of medicines she 
uses, e.g. pain killers, contraceptive pills, or multivitamins. 
iv) Family history of Age at Menarche : Each subject was told to ask her mother 
about their ages at menarche and was noted in the questionnaire in the 
next visit. As the majority of the mothers were literate it was assumed that they remember 
their ages at menarche and could give the right ansvrers. 
v) Pre Menstrual Syndrome: Each subject was asked about the presence of any or 
all of the premenstrual symptoms around 3-4 days to 1 week before the onset of the 
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menstrual cycle . The girls were told that any or all of the following symptoms 
occur only before the onset of menstruation -
1. Headache and Dizziness 
2. Tension and Nervousness 
3. Anxiety and Depression 
4. Lack of appetite 
5. Any other 
3.9.5-Assessment of Sexual Maturity Ratiag (SMR): 
SMR was done to assess the correlation between the SMR stages 
and the age at men^che. SMR was done as described by J.M. Tanner ,1967 . 
The five stages of sexual maturity rating as described by Tanner ^ e 
given in Appendix 7. 
For assessing the SMR stages, written permission was taken from the 
principals of respective schools. An informed consent was then taken from the 
subject , after taking her into confidence by explaining the object of the study. 
The subject was then shown the pictorial representations of the SMR stages of 
breast and pubic hair development (appendix S) and was explained about the 
beginning and end of each stage . Ilie subject was then asked to observe the 
pictures carefully and compare them with her own developments. She was then 
asked-
" In which stage of breast and pubic hair are you in "? 
If there was a discrepancy between the breast and pubic hair 
stages, than the more advanced of the two was considered. For example if the 
EXPLAINING SMR STAGES TO THE SUBJECT 
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breast development falls in stage IV, and pubic hair in stage III, than the 
SMR stage was considered as in stage IV. 
All the above observations were made by the subject herself. 
3.9.6-Diet Survey: 
Dietary surveys may be conducted in a number of ways in order to arrive at an 
assessment of food consumption patterns and nutrient intake of individuals. According to 
various researchers, (Bourne G.H., 1988 ; Nelson et al, 1994; Tripathi, 1986; Hoffinann 
et a l , 1983 ), 24 hour dietary recall method is more likely to produce a reliable estimate 
of intake where a regular meal pattern is followed. Other methods like 3 day and 7 day 
recall method, are similar to 24 hour dietary recall but their accuracy is lowered 
due to the chances of memory flogging, and also most of the children lack that 
much concentration required for these methods. Weighment method, although more 
accurate was not found feasible as such surveys are very costly and labour-intensive. 
This method was not selected for this study as it is quite expensive and difficuh 
to use in the field as the subjects express a dislike to weigh foods. Diet history 
method could be used more accurately for intake of food groups but not for nutrients 
consumed. Keeping these views in mind , 24 hour dietary recall was employed 
for the study. 
15 - Assessment of Nutritional Intake: 
Each subject was questioned in detail about her dietary intake employing 
24 hour dietary recall method , of the previous day. One day dietary recall meAod 
was applied as almost the same dietary routine was followed by the subjects each 
day, there was no need of 3 days or one week dietary recall methods. In order to 
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help in quantifying the amounts of foods consumal, the subjects were emjrfiasized 
to express the consumptions of particular food items in terms of exact katcHi size 
(large, medium, small) etc, or chapati size (large, medium, small) or spoon size 
etc. She was told to write all correct household measurements e:g teaspoon, table 
s^)oon, cup, glass etc. 
The information thus obtained was used to compute the daily 
intake of foods by converting the household measures in ^:ams or kilo^tams. The 
consumption of daily diet was calculated in terms of the following food groups 
(in grams) Cereals; pulses; meat / fish / poulfry; vegetable A (green leafy vegetables; 
vegetable B ( other vegetables ) ; fiiiits ; fats ; and sugars . The daily intake of 
calories (kcal); proteins (gm ) ; and itoa ( m g ) was calculated aid compwed with 
RDA tables provided by ICMR (2002) for defici«it or aj^ropriate consumption. 
3.10 Stetistical Analysis: 
All the data obtained through questicmnaire, observation and clinical 
examination were coded aid entered into the computer. Statistical analysis was 
done with the help of memi, S.D., chi - square, ANOVA, and Linear Regression 
Analysis by using the SPSS 12.0 software. Chi square test was applied to find out 
the difference in the distribution of various parameters among different age groups 
and among the pre-menarcheal and post-menarcheal gjrls and their correlations. A 
stepwise multiple regression analysis was ^plied to get a combination of 
most confounding factors among the significant variables. Results of chi-sqwtfe tests 
and ANOVA test were seen at 5% level of significance. 
Cfiapter-4 
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RESULTS AND DISCUSSION 
The present cross-sectional study was conducted on adolescent 
secondary school girls (aged 10-15 years) with an objective to know the mean age 
at menarche and its associated correlates. The aim of the study was to establish 
possible correlation between variables like SES, nutritional intake, BMI, anemia, blood 
pressure and age at menarche. Comparisons of sexual maturity rating (SMR) stages of 
menarcheal and non-menarcheal subjects was done using Tanner's (1976) 
classification. Relationship of age at menarche and various menstrual problems was 
also noted. 
The study was conducted in four secondary schools at Aligarh city. 
Schools were selected from four different regions keeping in mind that girls from 
all socioeconomic groups are included in the study, so that the possible correlation 
between nutrition SES , weight, BMI and age at menarche could be established . 
Each of the selected schools included students from mostly all income group . The 
observations and results are as follows-
The demography of the population studied is given in table I . 
Selection of subjects from each school was based on the sample size. 14.3 % girls 
were taken from school 'a' . 50 % giris from school 'b', 21.4 % from school 'c' and 
finally 14.3 % from school 'd ' . The total number of girls in each age group ( from 10 
to 15 years) was almost equal with only slight differences. 
Out of total 700 giris 57.2% (400) girls had attained their 
menarche. 42.8% (300) giris were non-menarcheal. Among 400 menarcheal giris , 
225 (32%) were Muslims ;162 (23%) were Hindus ; and 13 (2%) were Sikh giris. 
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Aligarh city is mostly dominated by Muslims and Hindus, therefore, no Christian 
girls were found in any school. 187 (26.7%) were Muslims among the non-menarcheal 
population ; 106 (15.1%) were Hindus and only 7 (1.0%) were Sikh girls . Taking 
both menarcheal and non-menarcheal subjects together 58.9% were Muslims, 38.3% 
were Hindus and rest 2.9% were Sikhs . Sikh girls were found only in the two 
school of the city area. 
Results on the father's literacy level of both groups showed that the 
highest number of girls , 227 (32.4%) were found among under graduates, followed by 
professionals , 176 (25.1%) and post graduates , 157 ( 22.4%). The number of girls 
decreased as the qualification of father decreases. Least number of girls were found 
in the category of illiterate fathers. This could be attributed to the fact that because 
of the university there is more influence of education and mostly educated people 
are settled here. 
Table I - Distribution of subjects according to difTerent variables 
S.No. 
I. 
2. 
3. 
4. 
Variables 
Age(yrs) 
Menarcheal 
status 
School 
Religion 
Distribution 
10 
11 
12 
13 
14 
15 
Menarcheal 
Non-menarcheal 
Iqra Public School 
A.M.U.Girls High School 
Gagan Secondry School 
Gagan Inter College 
Muslim 
Hindu 
Sikh 
Total no. of subjects 
116 
116 
117 
118 
120 
113 
400 
300 
100 
350 
150 
100 
412 
268 
20 
Percentage 
16.6 
16.6 
16.7 
16.9 
17.1 
16.1 
57.2 
42.8 
14.3 
50.0 
21.4 
14.3 
58.9 
38.3 
2.9 
86 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Father's 
literacy 
level 
Father's 
occupation 
Mother's 
Literacy 
level 
Mother's 
working 
status 
Income 
group 
Eating 
habits 
Mode of 
feeding 
in infancy 
Prevalence 
of Anemia 
Blood 
pressure 
SMR stages 
Illiterate 
Literate 
Secondry School 
Senior secondary 
Under Graduate 
Post Graduate 
Professional 
Jobless 
Unskilled labour 
Skilled labour 
Professional 
Business 
Illiterate 
Literate 
Secondry School 
Senior Secondry School 
Under Graduate 
Post Graduate 
Professional 
Working 
Non-working 
Professional 
LIG 
LMIG 
MIG 
HMIG 
HIG 
Vegetarian 
Non- veg. 
Semi- veg. 
Bottle fed 
Breast fed 
Absent 
Mild 
Moderate 
Severe 
Low 
Normal 
High 
1 
ii 
iii 
iv 
V 
9 
23 
31 
78 
227 
157 
176 
33 
59 
258 
156 
196 
10 
50 
152 
121 
231 
96 
40 
67 
615 
18 
184 
59 
193 
121 
143 
260 
288 
152 
410 
290 
400 
223 
77 
0 
172 
518 
10 
63 
206 
206 
190 
35 
1.3 
3.1 
4.4 
11.1 
32.4 
22.4 
25.1 
4.7 
8.4 
36.8 
22.2 
28 
1.4 
7.1 
21.7 
17.3 
33.0 
13.7 
5.7 
9.6 
87.9 
2.6 
26.3 
8.4 
27.6 
17.3 
20.4 
37 
41 
22 
58.6 
41.4 
57.2 
31.8 
11.0 
0 
26.4 
74.0 
1.4 
9.0 
29.4 
29.4 
27.1 
5.0 
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Out of the 700 adolescent girls selected, the highest number of 
girls , 258 (36.8%) were from the skilled labour class. 198 (28%) girls belonged to 
the business class and 156 (22.2%) were from professional class. 59 (8.4%) and 33 
(4.7%) girls belonged to unskilled labour and jobless class respectively . On 
comparing the two groups , the number of menarcheal girls in lower social classes 
was comparatively less than their non menarcheal counterparts . However , more 
number of menarcheal girls was found in the higher classes as compared to the 
non-menarcheal girls . This could be due to the better nutritional status and 
improved living conditions because of higher literacy levels. 
Among the total 700 girls, 67(9.7%) belonged to the families of 
working mothers . 615 (87.9%) were that of non-working mothers , and only 18 
(2.6 %) had professional mothers . However the number of menarcheal girls in each 
category was greater than their non-menarcheal counterparts. 
Taking into consideration both menarcheal and non-menarcheal groups 
together for assessment of income groups , 193 (27.6 %) belonged to the MIG . The 
highest number of menarcheal girls, 106(15.1%), was found in the Middle Income 
Group ; whereas, the highest number of non-menarcheal girls was found among the 
Low Income Group 97 (13.9%). The number of girls in Higher Middle and High 
Income groups was more among the menarcheal girls as compared to the non-
menarcheal girls . 
Among the total population, 228 (41 %) were non-vegetarians and 
260 (37 %) were vegetarians . Only 152 (22 %) girls were semi-vegetarians, taking 
eggs in their diet other than vegetables. As the number of Muslim girls was slightly 
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higher the number of non-vegetarians was also high. Among the menarcheal girls, 
151 (21.6 %) were non-vegetarians as compared to only 137 (19.6 %) non-
menarcheal girls. 
Taking both groups together, 410 (58.6 %) girls were bottle fed , 
although a greater number of subjects belonged to literate parents . 290 (41.4 %) 
girls, on the other hand were breast fed during their infancy. Also the number of 
bottle fed girls was much higher 259 (37 %) among the menarcheal girls as 
compared to only 151 (21.6 %) of non-menarcheal girls . However , the number of 
breast fed girls was high in the category of non-menarcheal girls. 
Among 700 girls, 400 (57.2%) were free from anemia. This could 
be due to better nutrition and high standard of living and due to high literacy 
levels of parents. 223(31.8%) girls came out with mild (stage I) anemia, whereas 
only 77(11.0%) girls had moderate (stage II) anemia. None of the girls was found 
with severe degrees of iron deficiency. 518(74%) of 700 girls came up with normal 
levels of blood pressure and 172 (26.4%) girls had low B.P., only 10(1.4%) girls 
were having high levels of blood pressure, of which 9 were among the menarcheal 
girls. However, the number of girls having low blood pressure was higher. 90 
(12.9%) among non-menarcheal girls as compared to 82(11.7%) menarcheal girls. 
Comparing SMR stages of both groups, the highest number of 
menarcheal girls were found in stage (iv) i.e. 188 (27%) , followed by stage (iii) 
i.e. 169 (24%) and stage (v) i.e. 34(5%). Among the non-menarcheal girls highest 
number was in stage (ii), i.e. 197 (28%), followed by stage (i) i.e. 63 (9%) and stage 
(iii) i.e. 37 (5.3%). 
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Among the 400 menarcheal girls the highest percentage 58.8% 
(235) were in normal age of attaining menarche. 25.8% (103) w&e early matures 
and only 15.5% (62) girls were late matures (as per the classification given by M. 
Seigal, 2002) 
Distribution of subjects according to age and menarcheal status is 
given in Table II (figure 1). For menarcheal girls, the number increases as the age 
proceeds with maximum number of girls i.e. 113(16.2%) at the age group of 15 
years. Least number was found among 10 years i.e. 8 (1.1%). On the other hand, 
among non-menarcheal girls, number of girls decreased as the age increases, with 
least number of girls in age 14 i.e. 21 girls (3%). None of the non-menarcheal girls 
was found in the age group of 15 years. 
Table II - Distribotioo of subjects according to age and menarcheal status 
Age (yrs) 
10 
11 
12 
13 
14 
15 
Total 
Whether attained menarche 
Menarcheal 
8 
33 
58 
89 
99 
113 
400 
% 
1.1 
4.7 
8.3 
12.7 
14.1 
16.1 
57.1 
Non-menarcheal 
108 
83 
59 
29 
21 
-
300 
% 
15.4 
11.9 
8.4 
4.1 
3.0 
-
42.9 
Total 
116 
116 
117 
118 
120 
113 
700 
% 
16.6 
16.6 
16.7 
16.9 
17.1 
16.1 
100 
Table III ^ows the distribution of subjects according to schools 
and menarcheal status. The number and percentage of menarcheal girls was higher 
as compared to non-menarcheal girls in Iqra Public School and Aligarfi Muslim 
University Girls High School. This could l» due to the high po^^tage of muslim 
girls in these schools taking non vegetarian diets and reaching menarche earlier. 
e'l a. 
Figure 1-Distribution of subjects according to 
age and menarcheal status 
whether attained men 
I Menarcheal 
iNon-menarcheal 
10.00 11.00 12.00 13.00 14.00 15.00 
actual age 
Figure 2-Distribution of religion 
according to age at menarche 
100 
muslim hindu sikh 
religion 
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The number of non-menarcheal girls was higher than menarcheal 
girls for third school (Gagan Junior School.) This could also be due to the fact 
that mostly non-musllm population was found in this school. Non-muslim girls 
reach menarche later, due to consumption of mostly vegetarian diets. 
Table III - Distribution of subjects according to school and menarcheal status 
Name of school 
Iqra Public school 
A.M.U.Girl's High 
School 
Gagan Secondary 
School 
Gagan Inter 
College 
Total 
Menarcheal 
51 
192 
65 
92 
400 
% 
7.3 
27.4 
9.3 
13.1 
57.1 
Non-menarcheal 
49 
158 
85 
8 
300 
% 
7.0 
22.6 
12.1 
I.l 
42.9 
Total 
100 
350 
150 
100 
700 
% 
14.3 
50.0 
21.4 
14.3 
100 
The percentage of menarcheal girls was much high 92(13.1%) in 
Gagan Inter College as compared to non-menarcheal girls 8(1.1%). Most of the 
Sikh girls were found here. These girls had better nutritional status and higher 
BMI, thus reaching menarche earlier. 
Distribution of subjects according to religion is given in Table IV. 
On taking all the religions together, the highest number of menarcheal girls 225 
(32.1%) was found among Muslims followed by Hindu 162(23.1%) and Sikhs 13 
(1.9%). 
Table IV - Distribution of subjects on the basts of religion and menarcheal status 
Religion 
Muslim 
Hindu 
Sikh 
Total 
Menarcheal 
girls 
225 
162 
13 
400 
% 
32.1 
23.1 
1.9 
57.1 
Non-menarcheal 
girls 
187 
106 
7 
300 
% 
26.7 
15.1 
1.0 
42.9 
Total 
412 
268 
20 
700 
% 
58.9 
38.3 
2.9 
100 
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Taking each religion separately the number of menarcheal girls was 
found to be more than non-menarcheal girls in each religion. 
Distribution of subjects according to age , religion and menarcheal 
status is given in Table V. There was strong correlation found between the age and 
religion of both groups. On applying x^  test for age and religion (x^ = 65.81 for 
menarcheal girls and 23,67 for non-menarcheal girls) P value was found to be 
< 0.05 , which was really significant. It is clearly evident from the table that early 
matures (age 10) are only Muslim girls, whereas the number of late matures (age 
15) was higher among non-muslims. This finding is also directly or indirectly 
supported by other researches. Catherine S. Berkey and Jane D. Gardua et. al. in 
2000 found in their study that girls taking animal protein and less vegetables 
reach menarche earlier. 
Table V- Relationship of religion and age according to menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheal 
Muslim 
8 
25 
43 
59 
60 
30 
225 
Hindu 
7 
14 
26 
37 
78 
162 
Sikh 
1 
1 
4 
2 
5 
13 
Total 
8 
33 
58 
89 
99 
113 
400 
Non-menarcheal 
Muslim 
61 
53 
48 
18 
7 
187 
Hindu 
46 
27 
11 
9 
13 
106 
Sikh 
1 
3 
2 
1 
7 
Total 
108 
83 
59 
29 
21 
300 
X^=65.8 dflO;P<0.01 X^=23.67 df8;P<0.005 
Age at menarche is also strongly correlated with religion, (x^  
30.02 ; P < 0.01) as illustrated in Table VI; figure 2 . 
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In our country eating habits are highly influenced by religion. It is 
quite evident from studies that meat and fish taking girls experience menarche at 
lower ages (Seung KupKu and Jong won Kang et. al. 2006, in a study on North 
Korean refugee girls). Findings of present study could be correlated with other 
studies. 
Some other research workers like Kangmin Zim et . al. 2003 , 
Raphaelle Varraso et. al. 2004., also studied influence of religion but showed no 
direct correlation between religion and age at menarche. 
Table VI- Correlation of religion and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
Religion 
Muslim 
80 
123 
22 
225 
% 
(77.6) 
(52.3) 
(35.4) 
(56.2) 
Hindu 
19 
103 
40 
162 
% 
(18.4) 
(43.8) 
(64.5) 
(40.5) 
Sikh 
4 
9 
13 
% 
(3.9) 
(3.8) 
(0) 
(3.25) 
Total 
103 
235 
62 
400 
% 
(100) 
(100) 
(100) 
(100) 
X^^30.02 df4;P<0.01 
In present study, from Table VI, it is quite evident that as the 
age of attaining menarche increases the percentage of muslim girls decreases from 
highest 77.6% in early matures to 52.34% followed by 35.4% among late 
matures. On the other hand the percentage of hindu girls increased along with the 
increase in age at menarche. The percentage of sikh girls remained constant with 
no girls in late maturing age groups. 
Table VII. shows the distribution of birth order according to age 
and menarcheal status. Age of menarcheal girls was significantly correlated with 
birth order (x^  = 44.7 ; P < 0.05) as shown in Table Vll(a). 
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Table VII(a)&(b) - Relationship of birth order and age according to menarcbeai 
status 
TABLE VII (a)MENARCHEAL 
1 
Age 
10 
1! 
12 
13 
14 
15 
Total 
1 
-
5 
18 
21 
28 
37 
109 
2 
1 
10 
14 
22 
30 
34 
111 
3 
7 
8 
13 
21 
22 
24 
95 
Birth order 
4 
-
8 
6 
15 
7 
10 
46 
5 
-
2 
3 
5 
6 
2 
18 
. . - • . - . 
6 
-
-
1 
2 
4 
-
7 
7 Aabove 
-
-
3 
3 
2 
6 
14 
Total 
8 
33 
5% 
89 
99 
113 
400 
X^=44.7 dfSO :P<0.05 
But the association between age Md birth order of non-menfut^ hea] 
was found insignificant (P > 0.05 ) in Table VII (b). There is lack of available 
literature regarding this area. Few studies have been done so far on the association 
between bhth order and menarcheal status. Mary B. Pierce & David A. Leon ^005 
showed little eifect of birth order (parity) on age at menarche. 
Table VII (b) NON-MENARCHEAL 
Age 
10 
11 
12 
13 
14 
15 
Total 
1 
19 
21 
9 
10 
1 
-
60 
2 
35 
26 
15 
6 
14 
-
96 
3 
29 
23 
15 
5 
3 
-
75 
Birth order 
4 
12 
3 
9 
5 
3 
-
32 
5 
11 
8 
7 
2 
-
-
28 
6 
1 
1 
2 
-
-
-
4 
7&above 
1 
1 
2 
1 
-
-
5 
Total 
108 
83 
59 
29 
21 
-
300 
,2_ X'=33.7 df24;P>0.05 
94 
Distribution of subjects according to age at menarche and birth 
order is given in Table VIII, On applying x^  test (x^  = 27.7 )P value was found to 
be 0.006 which was really significant. 
Another study by Braddon F.E.; 1986 showed direct correlation 
between birth order and BMI which in turn influence age at menarche. His study 
concluded that low parity promote higher BMI, and higher BMI accelerates age at 
menarche. 
Table Yllt - Correlation of birth order and age at menarche 
Age at 
menarche 
9.6-11.5 
U.6-13.5 
13.6-15 
Total 
Birth order 
1 
24 
71 
14 
109 
2 
22 
65 
24 
HI 
3 
28 
47 
20 
95 
4 
18 
27 
1 
46 
5 
2 
14 
2 
18 
6 
4 
2 
1 
7 
7&above 
5 
9 
14 
Total 
103 
235 
62 
400 
X^=i7.7 df 12; P<0.01 
Distribution of fathers literacy level according to menarcheal status 
is given in Table IX. The difference between the fathers literacy level of 
menarcheal and non-menarcheal was statistically significant. {-^ = 17.52 ; P < 0.01) 
among lower literacy levels of fathers, the number of non-menarcheal girls was 
high but as the qualification increased the number of menarcheal girls increased. 
There was lack of sufficient literature regarding this aspect especially from India. 
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Table IX - Relationship of fatlier's literacy level and menarcheal status 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Father's literacy level 
Illiterate 
Literate 
Secondry school 
Senior Secondry school 
Under Graduate 
Post Graduate 
Professional 
Total 
Menarcheal 
girls 
4 
5 
17 
47 
119 
98 
110 
400 
% 
0.6 
0.7 
2.4 
6.7 
17.0 
14.0 
15.7 
57.1 
Non-
menarcheal 
girls 
5 
17 
14 
31 
108 
59 
66 
300 
% 
0.7 
2.4 
2.0 
4.4 
15.4 
8.4 
9.4 
42.9 
Total 
9 
23 
31 
78 
227 
157 
176 
700 
% 
1.3 
3.1 
4.4 
11.1 
32.4 
22.4 
25.1 
100 
X^=n-52 df6;P<0.01 
Also, the association between the age at menarche and father's 
educational qualification was found to be highly significant (x^  = 58.6 , P < 0.01) as 
shown in Table X . The number of girls in the higher qualifications was found 
comparatively higher among the early matures as compared to the late maturing 
girls. This factor could be related to the fact that girls from higher social classes 
attain menarche earlier than girls from lower social backgrounds. 
Table X - Correlation of father's literacy level and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
Illiterate 
4 
4 
Father's literacy level 
Literate 
1 
4 
5 
Secondry 
school 
5 
12 
17 
Senior 
secondry 
15 
26 
6 
47 
Under 
graduate 
30 
61 
28 
119 
Post 
graduate 
33 
44 
21 
98 
Professional 
20 
87 
3 
no 
Tota 
103 
235 
62 
400 
X-58.6dfl2;P<0.01 
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The difference between the number of menarcheal and non-
menarcheal girls according to the father's occupation was also found to be slightly 
significant as given in Table XI (P < 0.05 ; figure 3 ) . 
Table XI- Relationship of father's occupation and Menarcheal status 
Father's occupation 
Jobless 
Unskilled labour 
Skilled labour 
Professional 
Business 
Total 
Menarcheal 
15 
25 
160 
84 
116 
400 
% 
2.1 
3.5 
22.8 
12 
16.5 
57.1 
Non-menarcheal 
18 
34 
98 
72 
80 
300 
% 
2.6 
4.8 
14.0 
10.2 
11.4 
42.9 
Total 
33 
59 
258 
156 
196 
700 
% 
4.7 
8.4 
36.8 
22.2 
28 
100 
X^=9.64df4;P<0.05 
The number of non-menarcheal girls was found more in the 
category of jobless and unskilled labour classes . As the social class raises, the 
number of menarcheal girls also increased as compared to non-menarcheal. 
However, age at menarche was strongly correlated with father's 
occupation as given in Table XII (P < 0.01). 
Table XII -Correlation of father's occupation and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
Jobless 
10 
3 
2 
15 
Father's occupation 
Unskilled 
labour 
3 
13 
9 
25 
Skilled 
labour 
35 
95 
30 
160 
Professional 
28 
51 
5 
84 
Business 
27 
73 
16 
116 
Total 
103 
235 
62 
400 
X-50.0df8;P<0.01 
G^ a. 
Figure 3-Distribution of father's occupation 
according to menarcheal status 
c 10 I CL 0 
whether attained men 
•Menarcheal 
INon-menarcheal 
Missing unskilled labour professionals 
jobless skilled labour business 
occupation of father 
Figure 4-Distribution of mean income group 
according to age and menarcheal status 
whether attained men 
I Menarcheal 
INon-menarcheal 
10.00 11.00 12.00 13.00 14.00 15.00 
actual age 
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The present findings regarding the social class are well supported 
by many other researches too . According to E. L. Al Amoudi, 1997," social class 
is known to influence age at menarche". Mary B. Pierce and David Aleon , 2005, 
N. C. Onland - Moret and P. H . Peeters et a l . , 2005 ; also showed effect of social 
class on the age at menarche . Krasnow and Sander etal . , 1992, showed in their 
studies on adolescent girls that age at menarche is positively correlated with the 
social class. 
The distribution of mother's education according to menarcheal 
status is depicted in the table XIII. 
Table XIII - Relationship of Mother's educational level and menarcheal status 
Mother's 
Education 
Illiterate 
Literate 
Secondry school 
Senior secondry 
Under graduate 
Post graduate 
Professional 
Total 
Menarcheal 
5 
19 
85 
74 
140 
55 
22 
400 
% 
0.7 
2.7 
12.1 
10.6 
20.0 
7.9 
3.1 
57.1 
Non-
menarcheal 
5 
31 
63 
47 
91 
41 
18 
300 
% 
0.7 
4.4 
9.6 
6.7 
13.0 
5.8 
2.6 
42.9 
Total 
10 
50 
152 
121 
231 
96 
40 
700 
% 
1.4 
7.1 
21.7 
17.3 
33.0 
13.7 
5.7 
100 
X^^9.78df6;P>0.05 
On applying the "^ test (x^ = 9.78 at d f6) , P value was found 
to be > 0.05 , which was totally insignificant. However the association between the 
age at menarche and mother's educational qualification was found to be significant 
(P < 0.05) as depicted in table XIV. 
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Table XIV - Correlation of mother's education and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
Illiterate 
1 
4 
-
5 
Literate 
6 
8 
5 
19 
Mother's educational level 
Secondry 
school 
15 
53 
17 
85 
Senior 
secondry 
28 
31 
15 
74 
Under 
graduate 
34 
86 
20 
140 
Post 
graduate 
12 
38 
5 
55 
Professional 
7 
15 
-
22 
Toti 
lo: 
23f 
62 
40( 
X^= 23.4 dfl2;P< 0.05 
The differences in the number of menarcheal and non-menarcheal 
girls according to the mother's working status was found to be statistically 
insignificant as shown in Table XV (P > 0.05). 
Table XV- Distribution of mother's working status according to menarcheal status 
Mother's 
woridng status 
Working 
Non working 
Professional 
Total 
Menarcheal 
34 
355 
11 
400 
% 
4.9 
50.7 
1.6 
57.1 
Non-menarcheal 
33 
260 
7 
300 
% 
4.7 
37.1 
1.0 
42.9 
Total 
67 
614 
18 
700 
% 
9.6 
87.9 
2.6 
100 
X^=}.32df2;P>0.05 
The association between the age at menarche and mother's occupation 
was also found to be insignificant, shown in Table XVI (x^ ~ 9.43, P > 0.05). 
Table XVI - Correlation of mother's working status and age at menarche 
Age at menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
Mother's woridng status 
Working 
14 
15 
5 
34 
Non working 
88 
210 
57 
355 
Professional 
1 
10 
11 
Total 
103 
235 
62 
400 
X^=9.43 df4; P>0.05 
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There is lack of available literature showing any direct or indirect 
relationships between age at menarche and mother's working status or mother's 
educational qualification, except very few like Eiben (1989) presented data showing 
that later onset of menarche among girls of parents with lower educational levels, 
which could be the marker of lower socio-economic status. 
The distribution of mean income group according to the age and 
menarcheal status is shown in table XVII (figure 4). The socio economic status 
decreased as the age increases for the menarcheal girls , showing inverse correlation 
between age and SES of the menarcheal girls . But the difference between the 
mean income group of both menarcheal and non-menarcheal girls was found to be 
insignificant ( F = 1.92 ; P > 0.05). 
Table XVII - ANOVA for Income group (mean, S.D., %) and age according to 
menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheal 
8 
33 
58 
89 
99 
113 
400 
% 
1.1 
4.7 
8.3 
12.7 
14.1 
16.1 
57.1 
Income group 
mean 
4 
3.4 
3.5 
3.2 
3.2 
2.9 
3.2 
S.D. 
0.53 
1.3 
1.4 
1.5 
1.4 
1.5 
1.4 
Non-
menarcheal 
108 
83 
59 
29 
21 
-
300 
% 
15.4 
11.9 
8.4 
4.1 
3.0 
-
42.9 
Income 
mean 
2.5 
2.6 
2.7 
2.8 
3.0 
-
2.7 
group 
S.D. 
1.4 
1.5 
1.3 
1.5 
1.6 
-
1.4 
ANOVA:F=1.92df5; P>0.05 
Note : 0-0.9 = LIG 
1-1.9 = LMIG 
2-2.9 = MIG 
3-3.9 = HMIG 
4-5 =HIG 
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Although the mean income group of menarcheal girls was found 
comparatively higher than the income group of the non-menarcheal girls of the 
same age, the difference was found statistically insignificant. 
On the other hand the association between the age at menarche 
and the Socio economic Status (SES) was found to be highly significant 
(Table XVIII). 
Table XVIII - Relationship of income group and age at ineoarche 
Age at menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
LIG 
14 
53 
20 
87 
Income Group 
LM 
9 
9 
9 
27 
[IG 
23 
42 
29 
94 
MIG 
32 
S3 
21 
106 
HMIG 
34 
46 
2 
82 
H] 
14 
74 
10 
98 
[G 
48 
120 
12 
180 
Total 
103 
235 
62 
400 
X^^47.39 df8; P<0.01 
The number of early maturing girls was more in higher 
socioeconomic classes ( HMIG + HIG = 48) as compared to the lower classes 
(LIG + LMIG = 23 ) . Simultaneously the number of late matures was more in the 
category of LIG and LMIG (29) as compared to HMIG and HIG (12). Among the 
early matures (9.5 yr-11.5 yr) the number of girls showed an increasing trend as 
the SES raised (taking LIG &LMIG and HMIG & HIG together) from 23 girls among 
lower strata to 32 girls in the MIG up to 48 girls in the higher strata. This trend 
was also followed among the normal maturing age group ( 11.6 yr-13.5 yr), The 
number of girls among the late matures (13.5 yr- 15 yr), on the other hand , showed 
a decreasing trend with rising SES from 29 girls in lower Income groups to 21 in 
the middle income group followed by only 12 girls in the higher classes. 
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These findings are also supported by a large number of other 
researches . Kakkilaya Bevinje and Dr. Srinivas in 2005 showed in their study on 
857 secondary school Nigerian girls that girls belonging to higher SES had lower 
menarcheal age of 13 years. 
Another study by C. I . Ikaraoha et al . , 2005 , showed lower 
menarcheal ages for higher Socio Economic Status . Th. Somola Devi , W . Naba 
Kumar and S . Jibon Kumar , 2007 , studied fertility status among Athens of 
Manipur and showed higher mean age at menarche (14.03 ±0.12 years) because of 
lower Socio Economic Status. 
Awal D . Khan , and Dine G . Schroeder, 1992 , concluded in their 
study that both SES and year of birth were associated with age at menarche ; 
indicating that menarche is subjected to general environment and possibly, 
nutritional influences. Some other research workers like Ayatollahi e t a l . , 1999, in 
a study on Irani girls showed a strong inverse correlation between age at menarche 
and SES . They concluded that nearly one fourth girls belong to lower SES and had 
higher menarcheal ages as compared to the middle and high income groups. 
The observed results up to table XVIII proved the first hypothesis 
that early matures had lower birth order and higher SES. Also , the hypothesis that 
muslim girls reach menarche earlier was accepted at 0.05 level of significance. 
If we look at the mean weights for different ages in our study 
(Table XIX ; figure 5) , we can observe that the mean weight of the menarcheal 
girls was found significantly higher than the mean weights of the non-menarcheal 
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girls at same ages. Also, the difference between the mean weights of both group 
of girls was found to be highly significant. ( F = 17.91 ; P < 0 . 0 1 ) . The total mean 
weight of menarcheal girls was also much higher (42 .0 kg) than the total mean 
weight of non-menarcheal girls (35.8 kg) . 
Table XIX - ANOVA for weight (mean, S.D., %) and age according to 
Menarcheal statas 
Age 
10 
11 
12 
13 
14 
15 
Total 
N 
8 
33 
58 
89 
99 
113 
400 
Menarcheal 
% 
1.1 
4.7 
8.3 
12.7 
14.1 
16.1 
57.1 
Mean wt.(kg) 
41.0 
44.5 
41.3 
39.5 
44.0 
41.6 
42.0 
S.D. 
2.5 
5.7 
6.4 
5.6 
6.9 
7.7 
6.4 
N 
108 
83 
59 
29 
21 
-
300 
Non-menarcheal 
% 
15.4 
11.9 
8.4 
4.1 
3.0 
-
42.9 
Mean wt.(kg) 
35.4 
34.9 
35.9 
37.5 
37.8 
-
35.8 
S.D. 
6.4 
6.7 
5.3 
5.7 
6.9 
-
6.3 
ANOVA: F= 17.91 df5; P<0.01 
Correlation between the age at menarche and mean weight of 
menarcheal girls was also found to be significant (Table XX). It is quite evident 
from the table that as the age of attaining menarche increases, the mean weight 
decreased . This finding implies that late matures have significantly less weight for 
age as compared to early matures (P < 0.05). 
Table XX - ANOVA for mean weight and age at menarche 
Age at menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
No. of girls 
103 
235 
62 
400 
% 
25.7 
58.7 
15.5 
100 
Mean weight (kg) 
43.6 
41.9 
39.7 
42.0 
S.D. 
6.0 
6.9 
7.4 
6.9 
ANOVA : F=5.82 df2; P<0.05 
There is a vast literature from various countries other than India 
reporting that girls with higher body weight, higher BMI and greater height reach 
Figure 5- Distribution of mean weight according 
to age and menarcheal status 
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Figure 6- Distribution of mean height 
according to age and menarcheal status 
170 
vyiiether attained men 
iMenarcheal 
iNon-menarcheal 
10.00 11.00 12.00 13.00 14,00 15.00 
actual age 
103 
menarche earlier ( Koprowaski C. et a l . , 1999 ; Petridou E. and Syrigou E. et a l . , 
1996 ; Moisan J and Meyer F . , 1990 ) ; and that obese girls are younger at 
menarche than girls of average weight (Donovan , Van Der. Werf , and Ten Bosch, 
1965) ; and that late matures weigh less for their heights as early as two years of 
age (Tanners , 1976). 
According to Sarah E . Anderson M . S . ( 2003 ) higher relative 
weight was strongly associated with age at menarche . Girls who had reached 
menarche had higher weight and BMI than girls who had not reached menarche . 
The present study highlighted that early menarcheal girls (9.6yr - ll.Syr) showed 
maximum mean body weight (43.6 kg) ; 1,5 kg more than the mean weight of 
normally maturing girls ( 11.6yr-13.5yr). The late menarcheal girls (13.6yr-15yr) 
showed minimum mean body weight (39.7 kg), which was approximately 4 kg less 
than the mean weight of early maturing girls. This trend was also showed by some 
other researchers like Kulkami S . et a!. 2000 , and Sharma 1970 . They also showed a 
difference of 4 kg in weight of early and late maturing girls. 
The studies on change in components of body weights especially 
the critical weight at menarche , have so far been done in developed nations 
mainly. Whereas no literature is documented for girls in the developing and under 
developed countries including India . Besides we do not have any norms available 
for age at menarche and of relationship of weight , height and other weight 
components with age at menarche in India. 
104 
According to another study by AyatoUahi et al . (1999), over weighted ness and 
obesity promotes menarche by 13-19 weeks . Present study results are supported by 
the above findings with respect to weight. 
If we compare the mean weights of both menarcheal and non-
menarcheal girls (Table XXI) with that of NCHS (2004) standards and ICMR(1992) 
standards ; we find that till 11 years of age the observed weight of menarcheal 
girls was higher than the expected weight. At 12 years , the mean observed weight 
(41.2 kg) was higher than the expected weight ( 38.7 kg) of NCHS standard but 
lower than the expected weight as given by ICMR standard (42.9 kg). From 13 
years till 15 years the observed weight of menarcheal girls was less than the 
expected weights of both standards . 
Table XXI - Comparison of mean weights of menarcheal and non-menarcheal giris 
with that of NCHS (NFI Report-2004)and ICMR (1992) standards 
Age 
10 
11 
12 
13 
14 
15 
Mean weight (kg) 
Menarcheal girls 
41.0 
44.4 
41.2 
39.4 
44.4 
41.6 
Non-menarcheal girls 
35.4 
34.9 
35.9 
37.5 
37.8 
-
NCHS 
(2004) 
32.5 
33.7 
38.7 
44.0 
48.0 
51.4 
ICMR 
(1992) 
33.6 
37.2 
42.9 
44.5 
46.7 
48.7 
The observed mean weight of non-menarcheal girls was less than 
the expected weights at each age except for 10* year of age which was found to 
be 35.4 kg as against the expected of 33.6 kg and 32.5 kg of ICMR and NCHS 
standards respectively . This finding clearly shows that early matures have higher 
mean weight than late ones and also higher than their non-menarcheal counterparts; 
supporting various other studies . Shu Hui Chang , et al. (2000) showed that girls with 
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earlier menarche are relatively heavier. Sarah E . Anderson M . S. (2003) showed that 
higher relative weight was strongly associated with age at menarche and N . C . Onland et 
al . 2005 concluded that girls who had not reached menarche had lower BMI and lower 
weight than post-menarcheal girls. 
These and earlier findings by some authors led to the hypothesis 
that there may be a critical range of body weights associated with menarche , 
initiation of weight growth spurt and maximum rate of weight gain . Such an 
interaction could explain the trend to an earlier menarche (Frisch and Revelle 1969 
- 1970). Tanners in 1962 established that early matures are heavier and taller than 
late matures of the same age in preadolescence. 
The distribution of mean heights according to age and menarcheal 
status is given in table XXII (figure 6) . Although the mean heights of menarcheal 
girls was slightly higher than that of the non-menarcheal girls, their difference 
was found to be statistically insignificant ( F = 1.94,P>0.05). 
Table XXII - ANOVA for height (meao, S.D., %) and age according to 
menarcheal status 
. Age 
10 
11 
12 
13 
14 
15 
Total 
N 
8 
33 
58 
89 
99 
113 
400 
Menarcheal 
% 
1.1 
4.7 
8.3 
12.7 
14.1 
16.1 
57.1 
Mean ht.(cm) 
150.4 
153.2 
151.2 
152.0 
151.1 
162.6 
155.5 
S.D. 
4.1 
6.1 
5.9 
6.0 
5.7 
94.5 
50.5 
N 
108 
83 
59 
29 
21 
-
300 
Non-menarcheal 
% 
15.4 
11.9 
8.4 
4.1 
3.0 
-
42.9 
Mean ht.(cm) 
149.1 
147.9 
150.3 
152.8 
150.2 
-
149.4 
S.D. 
6.7 
7.8 
6.0 
7.3 
6.7 
-
7.0 
ANOVA : F - 1.94 df4; P> 0.05 
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However , the mean height of menarcheal girls at age 10 was 
lowest (150.4 cm) and highest at 15 years of age (162.6 cm), supporting the study 
that women with earlier menarche have shorter heights than women with late 
menarche (N.C. Onland - Moret , P. H. M. Peeters et al. 2005 ) . Present study also 
implies that early matures are shorter and fatter while late matures are thin and 
taller. This fmding is in accordance with the findings of other authors ( Tanner 
1969 ; Frisch and Revel le 1971 etc.) showing short height and more weight for early 
matures. 
Association between age at menarche and mean height was also found to 
be insignificant as shown in Table XXIII (F= 0.453 , P > 0.05). No linear increase or 
decrease in height was found from early to late matures. In contrast other studies have 
shown that early matures are taller and heavier than late matures (Koprowski et al., 1999 ; 
Petridou E., 1996; Moisen J. et al., 1990 ; N.C. Onland et al., 2005 ; Sarah E. Anderson, 
2003 etc.) 
Table XXIII- ANOVA for mean height and age at menarche 
Age at menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
No. of girls 
103 
235 
62 
400 
% 
25.7 
58.7 
15.5 
100 
Mean height (cm) 
152.35 
157.50 
153.09 
155.49 
S.D. 
5.8 
65.7 
6.6 
50.5 
ANOVA : F= 0.453 df2; P>0.05 
On comparing the mean heights of menarcheal and non-menarcheal 
girls (Table XXIV) with that of NCHS and ICMR standards , it was noted that up 
to age 12 the mean height of both group of girls was found to be higher than 
expected heights of the two standards . For ages 13 and 14 years , the mean 
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observed heights of menarcheal as well as non-menarcheal girls was lower than the 
expected heights . Again , at age 15 years, the mean observed height (162,6cm) was 
found higher than the expected height of 161 cm (NCHS standard) and 156 cm 
of ICMR standard. 
Table XXIV- Comparison of mean heights of menarcheal and non-menarcheal girls 
with that of NCHS (2004)and ICMR (1992) standards 
Age 
10 
11 
12 
13 
14 
15 
Mean 
Menarcheal girls 
150.4 
153.2 
151.2 
152.1 
154.1 
162.6 
leight (cms) 
Non-menarcheal girls 
149.1 
147.9 
150.3 
152.8 
150.2 
-
NCHS 
(2004) 
138.3 
142.0 
148.0 
155.0 
159.0 
161.0 
ICMR 
(1992) 
138.9 
145.0 
150.9 
153.4 
155.1 
155.9 
In contrast to weight , the heists of menarcheal girls showed a 
linear increase with age except for age 12 and 13 years . On the other hauid a 
simultaneous increase and decrease in mean heights of non-menarcheal girls was 
observed . As mentioned earlier , this general relationship at adolescence between 
body size and sexual maturity was established by many authors, however, the 
particular heights and weights at which early and late maturing girls initiate the 
adolescence spurt appear not to be extensively studied. 
The assessment of nutritional status was done by calculating Body 
Mass Index (BMI) . The difference between the mean BMI of menarcheal and non-
menarcheal girls according to age was found to be highly significant as is clear 
from the table XXV and figure 7(F = 7.8 , P < 0.01). The mean BMI of menarcheal 
girls was higher as compared to that of non-menarcheal girls of the same age. 
108 
Also,the mean BMI of early matures was higher (18.2 kg/m^)than 
that of late matures { 15.9 kg/m^), supporting the findings of various other authors 
like Sarah E. Anderson , 2003 , who showed hi^er mean BMI of 19.2kg/m^ for early 
matures . Shu Hui Chang et al. 2000 and AyatoUahi et al . 1999, also showed that over 
weight and obesity promotes menarche. 
Table XXV - ANOVA for BMI (mean, S.D., %) and age according to age and 
menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
N 
8 
33 
58 
89 
99 
113 
400 
Menarcheal 
% 
1.1 
4.7 
8.3 
12.7 
14.1 
16.1 
57.1 
Mean BMI 
18.2 
19.0 
18.1 
17.1 
18.7 
15.9 
17.5 
S.D. 
0.48 
0.51 
0.53 
0.52 
0.55 
0.50 
0.52 
N 
108 
83 
59 
29 
21 
-
300 
Non-menarcheal 
% 
15.4 
11.9 
8.4 
4.1 
3.0 
-
42.9 
Mean BMI 
15.9 
15.8 
16.0 
16.0 
16.8 
-
16.1 
S.D. 
0.40 
0.40 
0.42 
0.43 
0.42 
-
0.41 
ANOVA : F= 7.8 dfS; P< 0.01 
Mary B . Pierce et al . , 2005 , showed positive correlation between 
BMI and parity which in turn affects the age at menarche. Some authors had also 
showed a negative correlation between BMI and age at menarche (Geila S . Rozen, 
Gad Rennert et a l . , 2001 ; Raphael Varasso et al . 2004 etc . ) . BMI (wt/ht^) as a 
measure of under weight and over weight is widely accepted ( Fredrik S 
e ta l . 1999). In children BMI has been recommended as a measure of over weight 
and obesity (Dietz e ta l . 1998). Various authors had given different perspectives of 
BMI to judge the Nutritional Status like WHO 1998 ; and ICMR 1992 (also see 
appendix). 
The Body Mass Index , also known as the Quetlet Index, is often 
used as an index of over weight and underweight in children by various authors 
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(Verma , 2004 ; Agarwal and Aganval, 2003 ; S . Aneja et a l . , 1992 ; Ahmad et a i . , 
2000; etc). BMI is more easily obtained than measurements of skinfold thickness. 
Despite the limitations of BMI as a measure of adiposity, BMI remains a clinically 
useful index of weight relative to stature (Verma, 2004). Weight for height indices 
are cheap and easy to perform and calculate , and BMI is particularly use&l in 
diagnosing over weight (Leung et al . , 1998). 
Correlation between age at menarche and BMI (Table XXVI) was 
found to be highly significant ( P < 0.001). Among 400 menarcheal girls , 203 
(50.7%) had a normal BMI (between 18-25 kg / m^) as according to the ICMR 
paspectives. 192 (48.0%) girls v/eK found to be under weight and only 5(1.3%) 
were over wei^t. None of the subjects was found otese. The percentage of under 
weight girls showed an increasing trend from 28.2% among early matures to 51.0% 
among normal matures up to 69.3 % late matures. Also the percentage of girls with 
a normal range of BMI was higher (71.8%) in the early maturing age group as 
compared to only 46,8 % normal matures followed by 30.6 % girls among the late 
maturing age group. 
Table XXVI - Correlation of BMI aod age at meoarefae 
Age at menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
BMI(l^m^) 
Under weight 
29 (28.2) 
120(51.0) 
43 (69.3) 
192(48.0) 
Normal 
74(71.8) 
110(46.8) 
19(30.6) 
203 (50.7) 
Over weight 
5(2.12) 
5(1.3) 
Total 
N 
103 
235 
62 
400 
% 
100 
100 
100 
100 
. 2 _ 
Numbers in ( ) show percentage 
x'=33.0df4;P<0.0] 
no 
Results of the present study are comparabJe with other studies on 
BMI. Basu et aJ, 2002 , showed that most of the girls were with normal BMI, and only 
41.6% were undernourished. Aneja et a l , , 1992, showed 35% und«- nourished subjects in 
her study . Cole T. J. et al., 1999 , showed 67% under nourished adolescents due to rural 
dwelling. 
Regarding prevalence of over weight, the pres«it study highlighted 
only 1.3% over weight subjects among the menarcheal girls. This could be due to the 
reason that girls from all SES were selected . No girls was found obese. Also none of 
the non-menarcheal giris was found either over weight or obese. Various studies 
have been done on over weight and obesity in India as well as abroad. Umesh et 
al . , 2001 , on Delhi school girls showed overall prevalence of obesity as 7.4% due to 
study only on affluent adolescent giris. Fakeye 0. , 1995, on school childr^ reported 
obesity rate as 7.5%. Subramanyam et a l . , 2001, in Chwmai diowed prevalence of over 
weight as 10% and obesity as 6%. Hammer et al ., 1991 concluded in their study that 
adolescent giris gain more fat and are at greater risk of becoming ov«>vei^t 
than boys. 
The above mentioned results from table XIX-XXVI had proved the 
two variables of the T^ hypothesis (for weight and BMI). But the second variable tfu3t 
early matures are taller than late matures has been rejected at 0.05 level of 
significance. 
The correlation between the mode of feeding in infancy (i.e. breast 
fed vs. bottle fed) and age was found to be fairiy significant for both menarcheal 
and non-menarcheal girls as shown in Table XXVII (P < 0.05 ) . 
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Table XXVII - Relationship of mode of feeding in infancy and age according t( 
menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Bottle 
Fed 
8 
22 
43 
59 
66 
61 
259 
% 
2.0 
5.5 
10.8 
14.8 
16.5 
15.3 
64.8 
Menarcheal 
Breast 
fed 
-
11 
15 
30 
33 
52 
141 
% 
-
2.8 
3.8 
7.5 
8.3 
13.0 
35.3 
Total 
8 
33 
58 
89 
99 
113 
400 
% 
2.0 
8.3 
14.5 
22.3 
24.8 
28.3 
100 
Bottle 
fed 
65 
39 
31 
10 
6 
-
151 
Non-menarchea 
% 
21.7 
13.0 
10.3 
3.3 
2.0 
-
50.3 
Breast 
fed 
43 
44 
28 
19 
15 
-
149 
% 
14.3 
14.7 
9.3 
6.3 
5.0 
-
49.7 
Total 
108 
83 
59 
29 
21 
-
300 
% 
36.0 
27.7 
19.7 
9.7 
7.0 
-
100 
X^=12.64 df5; P<0.05 /^=//.<J clf4 ;P<QM5 
It is noted from the Table XXVII that the youngest menarcheal 
girls (age 10) were only bottle fed .Also the number of breast fed girls increased 
linearly with increasing age of menarcheal girls. 
Table XXVIII shows the distribution of breast fed and bottle fed 
girls according to age at menarche. It is clear from the table that among the total 
population the percentage of bottle fed girls was found higher ( 18.7%) in the early 
maturing age group (9.6 - 11.5) than the late maturing population ( 3.7 %) . 
Simultaneously, the number of breast fed girls was h i^e r ( 11.7%) among the late 
matures as compared to 7.0 % early matures. 
Table XXVIII - Correlation of mode of feeding in infancy and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
Modeof feedin 
Bottle fed 
75 (72.8%) 
169 (71.9%) 
15 (24.2%) 
259 
% 
18.7 
42.2 
3.7 
64.7 
B; in infancy 
Breast fed 
28 (27.1%) 
66 (28.1%) 
47 (75.8%) 
141 
% 
7.0 
16.5 
11.7 
35.2 
Total 
103 (100%) 
235 (100%) 
62 (100%) 
400 
% 
25.7 
58.7 
15.5 
100 
'^^52.9df2 ;P<0.01 
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On analyzing percentages for each age group separately it is clear 
that the percentage of bottle fed girls show a steady decrease with increasing age 
at menarche from 72.8% to 71.9% followed by only 24.2%. On the other hand the 
percentage of breast fed girls increased with increasing age at menarche fixim 27.1% 
girls ( age group 9.6yr - 11.5yr) to 28.1% (age group 11.6yr - 13.5yr) up to 75.8% 
girls (age group 13.6yr - 1 Syr ) , showing a positive correlation between breast 
feeding and age at menarche . On applying f^ test, P value was found as 0.000 which 
was highly significant (x^ = 52.9 at df 2). 
These results were in accordance with some other studies . According 
to Schneider A. P. ( 1 9 8 7 ) , " breast feeding should be added to the list of factors 
that decrease ovulatory age and thereby decrease the risk of ovarian cancers". 
According to another study by Ginna Wall, M . N . (2007)," breast 
feeding lowers the risk of obesity , which in turn affects the age at menarche " . 
They showed prevalence of obesity as 10.7% in breast fed girls as against 47% bottle fed 
girls. However, there is lack of available literature to date showing the extend to 
which breast feeding or bottle feeding during infancy affects the age at menarche . 
Therefore the present study covers the aspects which still need much attention in 
developing countries like India. 
113 
Table XXIX- Relationship of eatiog habits aod age according to meaarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Veg. 
-
5 
(1.3) 
6 
(1-5) 
31 
(7.8) 
35 
(8.8) 
81 
(20.3) 
158 
(39.5) 
Menarcheal 
Non-veg 
S 
(2) 
18 
(4.5) 
29 
(7.3) 
28 
(7.0) 
44 
(11.0) 
24 
(6.0) 
151 
oligo-veg 
-
10 
(2.5) 
23 
(5.8) 
30 
(7.5) 
20 
(5.0) 
8 
(2.0) 
91 
(37.8) 1 (22.8) 
Total 
8 
(2) 
33 
(8.3) 
58 
(14.5) 
89 
(22.3) 
99 
(24.8) 
113 
(28.3) 
400 
(100) 
Veg 
40 
(13.3) 
27 
(9.0) 
10 
(33) 
10 
(3.3) 
15 
(5.0) 
-
102 
(34.0) 
Non-menarcheal 
Non-veg 
50 
(16.7) 
47 
(15.7) 
28 
(9.3) 
10 
(3.3) 
2 
(0.7) 
-
137 
. (35.7) 
oligo-veg 
18 
(6.0) 
9 
(3.0) 
21 
(7.0) 
9 
(3.0) 
4 
(1.3) 
-
61 
(20.3) 
Total 
108 
(36.0) 
83 
(27.7) 
59 
(19.7) 
29 
(9.7) 
21 
(7.0) 
-
300 
(100) 
X^ = 101.5 dflO; P < 0.01 x^ = ^5-87 df 8 ; P <0,01 
Distribution of eating habits according to age and menarcheal status 
is shown in table XXIX . The correlation between age and eating habits of both 
menarcheal and non-menarcheal girls was found hi^ly significant(P<0.01). 
It is clear from table XXIX that among the m^iurcheai girls the 
number and percentage of vegetarian girls increased with increasing age, showing a 
positive correlation between age and vegetari^ism. Also, the youngest menarcheal 
girls ( a ^ 10 ) were only non-vegetarians . Among the non-m«iarcheal girls the 
number of non-vegetarian giris decreased with increasing age, showing a negative 
correlation between age and non-v^etarian eating habit. 
Correlation between the age at menarche and eating habits of 
menarcheal giris was also found significant as given in Table XXX ( P < 0.001 ) . 
Among the early menarcheal population (9 .6 -11 .5 years) only 2.7% (11) girls 
were vegetarians as against 16% (64) non-vegetarians. 7% (28) giris were found 
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with oUgo-vegetarian ( taking eggs ) eating habits . On the other hsmd , 10 % (39) 
girls were vegetarians among the late maturing age group (13.6-15 years) against 
only 4.2 % (17) non-vegetarians . 1.5 % (6) girls were found with oligo-vegetarian 
diets in this age group. Among the normal maturing age group (11.6-13.5 years) 
the percentage of girls taking vegetarian diets was highest (27%) as compared to 
non-vegetarians ( 17.5%) and oligo-vegetarians (14.3 % ) . These results clearly show 
that non-vegetarianism accelerates age at menarche while vegetarian diets delays it. 
Table XXX - Correlation of eating habits and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
Vegetarian 
11 
108 
39 
158 
% 
2.7 
27.0 
9.8 
39.5 
Non-veg 
64 
70 
17 
151 
% 
16.0 
17.5 
4.25 
37.8 
oligo-veg 
28 
57 
6 
91 
% 
7.0 
14.3 
1.5 
22.8 
Total 
103 
235 
62 
400 
% 
25.8 
58.7 
15.5 
100 
X-60.44 df 4; P <0.01 
Vast literature has been found reporting that taking non-vegetarian 
diets lowers the age at menarche . According to Seung Kupku et a l . , 2006 , " meat 
and fish taking girls experience menarche at lower ages ". They showed higher mean 
menarcheal ages of 16.0 ±2.1 years of refugee girls lacking non vegetarian foods in their 
diets. Another study by Catherine S . Berkey et al . , 2000 , showed that girls taking 
more energy and animal protein and less vegetables reach menarche earlier .ADA 
( American Diet Association ) report , 2003 , also shows that vegetarianism delays 
menarche . They concluded that a vegetarian diet if nutritionally adequate provides 
various health benefits and helps in prevention and treatment of various diseases 
including breast cancer. 
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From table XXVII-XXX, the 3''^ hypothesis was accepted for both 
variables at 0.05 level of significance; i.e. early matures are mostly bottle fed and 
had non vegetarian dietary habits. 
The difference between the mean cereal consumption of menarcheal 
and non-menarcheal girls was found statistically insignificant as shown in Table XXXI 
(F = 0.68 , P > 0.05 ) . For ages 10 and 11 years the mean cereal intake of 
menarcheal girls was found higher than their non-menarcheal counter parts. However, 
at ages 13 and 14 years , the mean intake of non-menarcheal girls was found 
comparatively higher. 
Table XXXI- ANOVA for mean cereal consumption/day and age according to 
menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheal 
8 
33 
58 
89 
99 
113 
400 
Cereal inta 
Mean 
228.1 
193.6 
198.7 
193.4 
199.8 
198.5 
197.9 
ke (gm) 
S.D. 
38.3 
50.6 
44.2 
56.6 
44.0 
57.9 
49.7 
Non-menarcheal 
108 
83 
59 
29 
21 
-
300 
Cereal intake (gm) 
Mean 
200.3 
192.2 
200.8 
194.5 
168.1 
-
195.4 
S.D. 
45.7 
47.3 
60.1 
52.9 
63.5 
-
51.6 
ANOVA : F = 0.68 df 5; P >0.05 
The differences in the mean pulses intake of menarcheal and non-
menarcheal girls according to age was found significant as depicted in Table XXXII 
(F = 2.72, P< 0.05) . At all ages, the mean pulses intake of menarcheal girls was 
higher than the mean intake of non-menarcheal girls. However, at age 12 the mean 
intake of non-menarcheal girls was slightly higher. Taking all the ages together, the 
total mean intake of menarcheal girls was 37.4 gm against 32.6 gm intake of non-
menarcheal girls. 
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Table XXXII - ANOVA for mean pulses intake/day and age according to 
meaarcbeal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcfaeal 
8 
33 
58 
89 
99 
113 
400 
Pulses intake (gm) 
Mean 
43.7 
43.1 
36.5 
35.5 
36.5 
38.2 
37.4 
S.D. 
36.2 
35.2 
29.5 
29.4 
27.4 
22.3 
27.7 
Non-menarcheal 
108 
83 
59 
29 
21 
-
300 
Pulses intake (gm) 
Mean 
28.4 
38.5 
40.6 
20.3 
24.7 
-
32.6 
S.D. 
24.0 
27.6 
31.2 
18.6 
20.4 
-
26.6 
ANOVA :F = 2.72 df5; P<0.05 
Table XXXIII shows the mean intake of meat / eggs by menarcheal 
girls was significantly higher than the mean intake of non-menarcheal girls at all 
ages ( F = 8.64 , P < O.Ol ) . Among the menarcheal girls the mean intake of meat 
shows a gradual decrease as the age increases, from 156.3 gm at age 10 years to 
just 31.8 gm at age 15 . These findings support various other studies that early 
matures took more meat in their diets as compared to the non-menarcheal girls 
( Seung Kupku et al. 2006; Catherine S . Berkey, 2000; ADA Report 2003 etc.). 
Table XXXIII - ANOVA for meat/eggs intake (mean, S.D.) and age according to 
menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheal 
8 
33 
58 
89 
99 
113 
400 
Meat intake (gm) 
Mean 
156.3 
89.4 
111.2 
78.6 
72.7 
31.8 
71.7 
S.D. 
77.6 
104.4 
95.0 
85.9 
91.3 
73.2 
91.2 
Non-menarcheal 
108 
83 
59 
29 
21 
-
300 
Meat intake (gm) 
Mean 
77.2 
79.5 
90.7 
93.1 
30.9 
-
78.8 
S.D. 
83.9 
86.6 
81.2 
89.4 
60.2 
-
84.1 
ANOVA : F = 8.64 df 5; P <0.01 
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Distribution of mean intake of milk and milk products according to 
age and menarcheal status is shown in table XXXIV. The difiference between the 
mean intake of the two group of subjects was found significant. That is, the mean 
intake by menarcheal girls was significantly higher than the mean intake by the 
non-menarcheal girls ( F = 5.45 ; P < 0.01 ) . 
Table XXXIV - ANOVA for milk and its products intake /day (mean, S.D.) and age 
according to menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheal 
8 
33 
58 
89 
99 
114 
400 
Milk & its products 
intake (gm) 
Mean 
112.5 
174.3 
179.8 
215.7 
178.9 
158.2 
179.7 
S.D. 
64.0 
84.9 
128.3 
125.8 
130.2 
123.0 
124.2 
Non-menarcheal 
108 
83 
59 
29 
21 
-
300 
Milk & its products 
intake 
Mean 
146.6 
139.7 
166.4 
225.8 
188.1 
-
159.2 
[gm) 
S.D. 
128.0 
123.8 
125.9 
136.0 
154.8 
-
130.9 
ANOVA : F = 5.45 df5; P < 0.01 
Few studies, to date , showed some correlation between milk 
intake and age at menarche . According to a longitudinal study done in Japan 
( 2000), dairy consumption accelerates menarcheal age . A clear picture from this 
study showed that dairy consumption helped accelerate menarche from 15.2 years 
in 1950 to 12.2 years in 1975 . 
The mean intake of green leafy vegetables (vegetable A ) according 
to age and menarcheal status is given in table XXXV. It is quite evident from the 
table that as the age of menarcheal girls, there Is also an increase in the mean 
intake of vegetable A (from 12.5 gm at age 10 up to 70 gm at age 15), showing a 
positive correlation between age and vegetable A intake. 
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Table XXXV - ANOVA for Veg. A coosumption / day (mean, S.D.) and age according 
to menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheal 
8 
33 
58 
89 
99 
114 
400 
Veg. A intake (gm) 
Mean 
12.5 
26.1 
28.4 
27.5 
41.9 
69.9 
42.7 
S.D. 
35.3 
43.4 
46.9 
44,6 
59.6 
115.2 
76.5 
Non-menarcheal 
108 
83 
59 
29 
21 
-
300 
Veg. A intake (gm) 
Mean 
49.1 
28.3 
33.9 
43.1 
47.6 
-
39.7 
S.D. 
62.3 
47.6 
54.4 
65.1 
55.8 
-
51.2 
ANOVA : F = 6.2 dfS ; P<0.01 
From table XXXV, it was also found that the mean intake of 
vegetable A by menarcheal girls was lower than the mean intake of non-menarcheal 
girls at each particular age . However, the difference between the intakes by the 
two groups was found significant (F = 6.2 ; P < 0.01). 
The intakes of meat/eggs and vegetable A by the menarcheal girls 
was inversely correlated with each other . As the age of attaining menarche 
increases, the intake of vegetable A increased but the intake of meat/eggs gradually 
decreases. Late matures had lowest intake of meat but highest intake of green leafy 
vegetables . These fmdings are well in accordance with other studies reporting that 
vegetarianism delays menarche (American Diet Association Report, 2003; Catherine S. 
Berkey , 2000 ; Elizabeth R . et a l , 2005 ; David L . Katz , 2002 etc.) . However , 
studies to date have been limited by sampling bias. 
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Table XXXVI - ANOVA for Veg. B consumption / day (mean, S.D.) and age 
according to menarcbea) status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcbea! 
8 
33 
58 
89 
99 
114 
400 
Veg.B i 
Mean 
206.2 
171.9 
203.8 
158.4 
145.9 
148.1 
161.1 
ntake (gm) 
S.D. 
41.7 
75.4 
105.6 
80.2 
97.1 
82.6 
90.2 
Non»nienarcbeal 
108 
83 
59 
29 
21 
-
300 
Veg. B intake (gm) 
Mean 
165.3 
142.7 
151.7 
151.7 
188.0 
-
156.6 
S.D. 
91.0 
83.7 
106.6 
83.9 
75.6 
-
912 
ANOVA : F = 1.83 df 5; P >0.05 
No significant association was found between the mean intake of 
vegetable B (vegetables other than green leaiy veget^les) and age according to 
menarcheai status (Table XXXVI). On applying ANOVA for the difference in the 
mean intakes of vegetable B by both groups, P value was found to be 0.103, 
which was insignificant. 
The difference in the mean intake of fruits by menardieai and 
non-menarcheal girls according to age was found significant as shown in 
Table XXXVIl (P<0.01). 
Table XXXVIl - ANOVA for Fruits consumption / day (mean, S.D.) and age 
according to menarcfaeal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarchral 
8 
33 
58 
89 
99 
114 
400 
Fruite inl 
Mean 
50.5 
15.2 
45.7 
43.8 
32.3 
18.6 
31.9 
take/d (gm) 
S.D. 
59.7 
34.2 
72.7 
65.6 
69.7 
47.8 
61.9 
Non>menarcheaI 
108 
83 
59 
29 
21 
-
300 
Fruits intake/d (gm) 
Mean 
28.2 
15.7 
10,8 
62.2 
28.6 
-
24.8 
S.D. 
59.3 
41.9 
45.8 
99.7 
53.8 
-
58.9 
ANOVA : F = 4.35 df 5; P < 0.01 
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As the age of menarcheal girls increased there was a gradual 
decrease in the mean intake of fruits from 50.5 gmat age 10 years to 18.6 gm at 
age 15 years showing an inverse correlation between the two . The total mean 
intake of menarcheal girls was significantly higher ( 31.9 gm) than the intake of 
non-menarcheal girls (24.8 gm). 
Table XXXVIII shows the mean intake of fats according to age 
and menarcheal status. On applying ANOVA for the difference in the mean intakes 
of menarcheal and non-menarcheal girls , the P value was found to be highly 
significant ( F = 7.26 ;P<0.01 ) . 
Table XXXVIII- ANOVA for Fats consumption / day (mean, S.D.) and age according 
to menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheal 
8 
33 
58 
89 
99 
114 
400 
Fats intake/day (gm) 
Mean 
32.5 
25.0 
29.9 
25.5 
25.7 
21.6 
25.2 
S.D. 
9.6 
8.6 
8.6 
8.5 
10.5 
8.9 
9.6 
Non-menarcheal 
108 
83 
59 
29 
21 
-
300 
Fats intake/day (gm) 
Mean 
26.1 
22.7 
27.7 
23.9 
21.6 
-
24.9 
S.D. 
10.2 
11.2 
9.1 
12.4 
12.8 
-
10.8 
ANOVA : F = 7.26 dfS; P < 0.01 
It is quite clear from the table that as the age of menarcheal girls 
increases, the mean intake of fats was decreased linearly, showing a strong negative 
correlation between the two . Also, the mean intake of menarcheal girls was found 
higher than that of non-menarcheal girls at same age. 
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Contrary to the present study, F . J . Soriguer, and S . Gonzalez et a l . 
in 1995 concluded in their study that girls eating \arge amount of nuts and oil 
seeds tend to have delayed menarche at mean ages of 15.2± 1.6 years. 
Table XXXIX - ANOVA for Sugars consumption / day (mean, S.D.) and age 
according to menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheal 
8 
33 
58 
89 
99 
114 
400 
Sugars intake (gm) 
Mean 
16.8 
16.8 
16.1 
15.4 
15.8 
14.7 
15.6 
S.D. 
9.6 
6.1 
8.4 
7.6 
10.0 
9.8 
8.9 
Non-menarcheal 
108 
83 
59 
29 
21 
-
300 
Sugars intake (gm) 
Mean 
12.6 
13.0 
13.1 
13.1 
10.9 
-
12.8 
S.D. 
9.1 
7.1 
8.1 
6.9 
3.7 
-
7.8 
ANOVA :F = 0.91 df 5;P> 0.05 
Table XXXIX shows that there was no significant correlation found 
between the mean sugar intake and age of menarcheal and non-menarcheal girls 
(F = 0.9l, P > 0.05 ) , Although , there was a gradual decrease in the mean intake of 
sugars as the age of menarcheal girls increased, the difference between the intakes 
by the two groups was statistically insignificant. 
The difference between the total mean calorie intake of menarcheal 
and non-menarcheal girls according to age was found significant as shown in Table 
XL and figure 8 (F = 4.1 ,P<0.01).The mean calorie intake of menarcheal girls was 
higher than the mean intake of non-menarcheal girls at each age. 
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Table XL - ANOVA for mean calorie consumption / day and age according tt< 
menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheal 
8 
33 
58 
89 
99 
114 
400 
Calorie intake (kcal) 
Mean 
2180 
2040 
2110 
2040 
2005 
1970 
2040 
S.D. 
135 
265 
274 
370 
271 
256 
268 
Non-menarcheai 
108 
83 
59 
29 
21 
-
300 
Calorie intake (kcal) 
Mean 
1970 
1900 
1970 
2075 
1900 
-
2005 
S.D. 
260 
339 
264 
490 
258 
-
362 
ANOVA :F^4.1 df5;P< 0.001 
Among the menarcheal girls , in table number XL, the total calorie 
intake showed a gradual decrease with increasing age from 2180 kcal to 1970 kcal 
( from age 10 years to 15 years respectively). 
Association between the age at menarche and calorie intake / day 
was also found to be highly significant as given in Table XLI (x^ = 38.50, P< 0.01). 
Table XLI - Correlation of calories intake / day and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
No. of girls 
103 (100) 
235 (100) 
62 (100) 
400 (100) 
Calorie intake / day (kcal) 
<1000 
3 (2.9) 
3 (1.3) 
4 (6.4) 
10 (2.5) 
1001-1900 
51 (49.5) 
159 (67.6) 
54 (87.1) 
264 (66.0) 
1901-2100 
39 (37.8) 
48 (20.4) 
4 (6.45) 
91 (22.8) 
>2100 
10 (9.7) 
25 (10.6) 
- (0) 
35 (8.75) 
Numbers in ( ) show percentages. 
X^=38.50df6;P<0.01 
Table XLI clearly shows that the percentage of girls taking low 
calorie diet increased with increasing age at menarche from 49.5% to 67.6% 
followed by 87.1% , thus presenting a strong positive correlation between age at 
menarche and calorie intake . On the other hand the percentage of giris decreased 
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with increasing age at menarche among the appropriate calorie intakes . Also, the 
high calorie intake was found only among early and normal matures. 
Vast literature is present to date reporting that nutritional status 
plays an important role in the onset of menarche ( N . C . Onland - Moret et a l . , 
2005 ) . According to Alan D . Rogol and Pamela A . Clark, 2000 , under nutrition 
delays the age at menarche. Awal D . Khan , Dire G. Schroeda, 1992 , showed in their 
study that menarche is object to general environment and possibly nutritional 
influences. 
Another study by Meyer et al . , 1990, on dietary and physical 
determinants of menarche found that higher dietary ^ergy intake was ass(M;iated 
with earlier menarche . Merzenich et al . ,1993 , concluded in their study that high 
energy - adjusted fat intakes were associated with early menarche. 
Sarah M. Phillips and Linda G. Bandini et a l . , 2004, in an obesity 
research , showed reiation^ips between EDS ( Energy £>^se Snacks ) fo(xls and 
obesity which a ^ r all affects the age at menarche. They ^owed that adolescents 
subjected to EDS foods are prone to overweight and obesity and tend to have earlier 
menarche. U . Ramakrishna and H. Bamhart et a l . ,1999, showed in ^eir study that 
improved nutrition during eariy childhood results in earlier attainment of fettility 
milestones. 
According to table XLII, The mean intakes of total |Mt)teins / day of 
menarcheal gids was found to be significantly higher than their non-menarcheal 
counter parts (figure 9). 
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Table XLII - ANOVA for mean proteins consumption / day and age according to 
menarcheai status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheai 
girls 
g 
33 
58 
89 
99 
114 
400 
Protein intake (gm) 
Mean 
64 
59 
62 
61 
60 
53 
60 
S.D. 
4.6 
9.1 
10.9 
8.4 
9.3 
9.1 
9.4 
Non-menarcheal 
Girls 
108 
83 
59 
29 
21 
-
300 
Proteins intake (gm) 
Mean 
56 
57 
62 
62 
49 
-
57 
S.D. 
8.0 
8.0 
8.9 
11.5 
6.5 
-
8.7 
ANOVA : F - 6.62 df 5 ; P < 0.01 
The intake of protein showed a decreasing trend as the age of 
menarcheai girls increased from 64 gm at age 10 years to 53 gm at age 15. This 
showed that high protein intake also indicates early menarche. 
The correlation between age at menarche and protein intake / day was 
also found to be highly significant as given in Table XLIII (x^ = 30.26 , P < 0.01 ) . If 
we look into the table it is found that the percentage of girls taking low protein 
diets ( <40 and 40-57 taken together) increased with increasing age at menarche from 
66.9% early matures to 68% normal matures up to 90.2% late matures . Whereas , 
the percentage of girls taking normal and high levels of proteins showed a 
decreasing trend with increasing age at menarche. 
Table XLIII- Correlation of proteins intake / day and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
No. of girls 
103 (100) 
235 (100) 
62 (100) 
400 
Protein inta 
<40 
20 (19.4) 
49 (20.8) 
29 (46.7) 
98 
40-57 
49 (47.5) 
111(47.2) 
27 (43.5) 
187 
ke / day (gm) 
58-65 
13 (12.6) 
46 (19.5) 
4 (6.45) 
63 
>65 
21 (20.3) 
29 (12.3) 
2 (3.2) 
52 
X^ = 30.26df6;P< 0.01 
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Distribution of mean iron intakes/day according to age and menarcheal 
status is given in table XLIV(figure 10) . On applying Anova for the difference 
between the mean iron intakes of the two group of girls, P value was found to be 
0.001 which was highly significant. The mean iron intake by menarcheal girls showed a 
decrease with increasing age but was higher than their non-menarcheal counter parts . 
Table XLIV - ANOVA for mean iron consumption / day and age according to 
menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheal 
8 
33 
58 
89 
99 
114 
400 
Iron in< 
Mean 
20.5 
17.0 
18.0 
16.2 
17.7 
15.6 
17.5 
ake (mg) 
S.D. 
3.5 
5.6 
6.5 
5.6 
7.4 
5.2 
6.3 
Non-menarcheal 
108 
83 
59 
29 
21 
-
300 
Iron intake (mg) 
Mean 
17.1 
15.7 
17.8 
17.4 
15.3 
-
16.6 
S.D. 
6.7 
5.9 
7.0 
6.2 
4.3 
-
6.5 
ANOVA :F = 5.13 df5;P<0.01 
Correlation between the age at menarche and total iron intake/day 
was also found to be significant as shown in table XLV(xi^= 19.61 ,P<0.01 ),The 
percentage of girls taking very low iron in their diets ( < 15 mg ) showed an 
increase with increasing age at menarche from 47.5 % to 52.3 % up to 79 %. 
Table XLV - Correlation of iron intake / day and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
No. of girls 
103 (100) 
235 (100) 
62 (100) 
400 (100) 
Iron intake / day (mg) 
<15 
49 (47.5) 
123 (52.3) 
49 (79.0) 
221 (55.2) 
15-19 
48 (46.6) 
90 (38.3) 
11 (17.7) 
149 (37.3) 
20-28 
6 (5.82) 
22 (9.4) 
2 (3.2) 
30 (7.5) 
X^ = 19.61 df4; P < 0.01 
Numbers in ( ) show percentages. 
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On the other hand , the percentage showed a decreasing trend with 
more intake ( 1 5 - 1 9 m g ) from early (46.6%) to normal (38.3%) followed by late 
(17.7%) menarcheal girls.Normal iron intakes ( 2 0 - 2 8 m g ) was found highest 
among normally maturing girls (9.4%) followed by early (5.82%) and late matures 
(3.2%). 
All the above findings clearly support the statement that good 
nutrition accelerates age at menarche . According to Bruce A . Ellis , 2004 , the 
hypothesis that by greater food availability and concomitant surplus , metabolic 
energy accelerates pubertal maturation has been tested by many studies . Human 
literature is largely consistent with the conclusion that nutritional deprivation causes 
delay in pubertal timings but variations in the quality and quantity of diets within 
adequately nourished populations had little effect. 
Adair (2001) did multiple 24 hour dietary recall study on 966 pre 
menarcheal 8 year old Filipino girls ; Khan etal . (1996) did longitudinal study on 
250 Guatemalan girls ; Qamar, Mehta and Deodhar ( 1990 - 1991 ) conducted a study 
on 791 Indian girls ( aged 5 - 1 6 years ) ; Galler et al . ( 1985 ) examined 261 
Barbarian girls; finally, Frisch and Revelle (1972) had done longitudinal study on 
childhood medical and nutritional data beginning fi-om ages 4-5 years on 30 under 
nourished and 30 well nourished girls . All the above mentioned studies included 
girls from a broad range of dietary histories. In each study , girls who were either 
malnourished or consumed fewer calories than their well nourished peers experienced 
menarche earlier. Although Adair (2001 ) reported that higher total energy intakes 
was not related to age at menarche . This analysis was controlled both for 
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socioeconomic status and BMI. However, prompt growth changes among previously 
deprived children after adoption , or change in environmental and social conditions 
had been observed by David Rush, 2000. He concluded that deprived girls without 
intervention typically have late menarche. 
According to Jorge E. Chavarro et a l . , 2006 , menarche is known to 
occur earlier in girls whose food intake was improved starting in early childhood, 
but the effect of menarcheal age of a later food intervention during adolescence has 
not been fully investigated. AwalD.Khan and Dire G. Schroeda, 1992 , showed no 
correlation between nutritional supplementation and age at menarche . However, 
according to Eveleth and Tanners ( 1990 ) , good nutrition is associated with an 
earlier onset of menarche . 
The 4 hypothesis that early matures had higher dietary intakes 
was proved true for pulse, meats / eggs, milk, fruits and fat intakes but was rejected 
for cereals, vegetable B and sugars . On the other hand early matures took less 
vegetable A ( GLVs ) as compared to late ones . However , the hypothesis that good 
nutrition accelerates age at menarche was accepted for total intakes of calories, 
proteins and iron; all at 0.05 level of significance. 
Mean Blood Pressure (BP) distribution according to age and 
menarcheal status is given in table XLVl(figure 11). The mean BP of menarcheal girls 
was found to be significantly higher than the mean BP of non-menarcheal girls of 
same age . The difference between the mean BP of the two groups was fairly 
significant (P<0.05). 
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TaWe XLVI - ANOVA for Blood Pressure (mean, S.D.) and age according to 
menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
N 
8 
33 
58 
89 
99 
113 
400 
Menarcheal 
% 
1.1 
4.7 
8.3 
12.7 
14.1 
16.1 
57.1 
MeanBP 
2.0 
1.96 
1.84 
1.8 
1.7 
1.86 
1.8 
S.D. 
0.00 
0.46 
0.36 
0.42 
0.53 
0.39 
0.44 
N 
108 
83 
59 
29 
21 
-
300 
Non-menarcheal 
% 
15.4 
11.9 
8.4 
4.1 
3.0 
-
42.9 
Mean BP 
1.6 
1.73 
1.76 
1.72 
1.71 
-
1.76 
S.D. 
0.47 
0.47 
0.39 
0.43 
0.51 
-
0.46 
Note : 0 - 0.9 = low 
1-1.9 = normal 
2 - 3 = high 
ANOVA : F = 2.84df5;P< 0.05 
If we look at the mean Blood Pressures of menarcheal girls in 
Table XLVI, we find that the value decreases linearly as the age increases from 
10 to 14 years . Again , it was slightly increased at age 15 years but was still 
lower than the values at 10 and 11 years. At all ages, the BP of menarcheal girls 
was slightly higher than that of non-menarcheal girls showing that the Blood 
Pressure was inversely correlated with age at menarche. 
Very little literature is available showing any direct relationship 
between Blood Pressure and age at menarche . Frank D . Williams T . , 1999 , 
studied adolescent growth aspects and showed results contrary to the present study that 
no significant relation was found between Blood pressure and age at menarche. 
According to Madhusmita Mihra et al . , 2004 , there is some 
correlation between low blood pressure and pubertal delay. The present study showed 
results similar to this finding. Some other authors also studied blood pressure but 
showed no direct relationship with age at menarche ( Clinical Report of American 
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Journal of Pediatrics , 2006 ; Lars J. Vatten et a l . , 2003 ; Jolly Rajarantnam et a l . , 
2000 ; etc .) • 
The correlation between age at menarche and blood pressure was 
also found to be slightly significant as demonstrated in Table XLVII (P < 0.05) . 
Tendency of high blood pressure was found more among the early matures ( 5.8%) 
as compared to normally maturing girls ( 1.3%) . None of the late matures was 
found with high Blood Pressure . The percentage of girls with low BP was found 
less (13.6%) among early matures as compared to (14,5 %) late matures. 
Table XLVII- Correlation of Blood Pressure and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
Low 
14 
59 
9 
82 
% 
13.6 
25.1 
14.5 
20.5 
Blood Pressure 
Normal 
83 
173 
53 
309 
% 
80.5 
73.6 
85.5 
77.3 
High 
6 
3 
9 
% 
5.8 
1.3 
2.25 
Total 
103 
235 
62 
400 
% 
100 
100 
100 
100 
X^= 15.24 df 4;P<0.05 
Distribution of anemia prevalence according to age and menarcheal 
status is shown in table XLVIII . On applying -^ test for the correlation between 
age and anemia prevalence, P value was found to be highly significant (P < 0.01) 
for both menarcheal and non-menarcheal girls. 
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Table XLVIII - Relationship of Anemia prevalence and age according to 
menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Absent 
6 
26 
45 
63 
60 
65 
265 
Menarcheal 
+mild 
2 
6 
12 
15 
34 
46 
115 
-H-mod. 
-
1 
1 
11 
5 
2 
20 
Total 
present 
2 
7 
13 
26 
39 
48 
135 
(19.3 %) 
Absent 
50 
43 
32 
8 
2 
-
135 
Non-menarcheal 
+mild 
44 
23 
19 
10 
12 
-
108 
-H-mod. 
14 
17 
8 
11 
7 
-
57 
Total 
present 
58 
40 
27 
21 
19 
-
165 
(23.5 %) 
X-S1.6 dflO; P<0.01 x -25.7df8; P<0.01 
The present study hi^lighted that as the age of menarcheal girls 
increases , the number of girls experiencing anemia ( mild and moderate pooled 
together for analysis) also increased from 2 girls at age 10 to 48 girls at age 15 , 
showing a positive correlation between age and anemia prevalence . The case was 
just reverse for the non-menarcheal girls . As the age of non-menarcheal girls 
increased , the number of girls experiencing anemia decreased from 58 girls at age 
10 to 19 girls at age 14 years,thus showing a strong negative correlation. 
Correlation between the age at menarche and anemia prevalence 
was also found to be highly significant as given in Table XLIX(x^ = 32.47,P< 0.01). 
Table XLIX - Correlation of Anemia prevalence and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
Anemia present/a 
Absent 
79 
163 
23 
265 
% 
76.6 
69.3 
37.1 
66.3 
-i-mild 
22 
58 
35 
115 
% 
21.3 
24.7 
56.4 
28.7 
bsent 
-H-moderate 
2 
14 
4 
20 
% 
1.94 
0.43 
6.45 
5.0 
Total 
103 
235 
62 
400 
% 
100 
100 
100 
100 
:^= 32.47 df4;P<0.01 
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The percentage of girls not experiencing anemia of any kind, was 
highest (76.6%) among the early matures as compared to normally maturing giris 
(69.3%) and lastly late matures (37.1%). On the other hand percentage of girls 
experiencing anemia (mild + moderate together) was lowest in the early maturing 
age group ( 9.6-11.5 years ; 23.2 % ) as compared to normal and late matures 
( 25.13% and 62.8 % respectively ) . These findings are also well documented by 
other research workers . Jolly Rajarantnam et al., 2000, in a study on Tamil Nadu 
girls stated that less anemia (25.3%) was found in early maturing girls and a high 
prevalence (as much as 48%) was documented in late matures . 
In another study by T . Leenstra and F . 0 . Terkinle , 2005 , done in 
Kenya , menarche was late by 1.5 - 2 years in anemic giris . A positive correlation 
was established between age at menarche and anemia. Alan D . Rogol and Pamela 
A . Clark, 2000, also showed in their study that under nutrition and anemia delays 
age at menarche to as much as 1.5 - 2 years. 
In a study by S . Aneja (1992), anemia was found as a common 
health problem irrespective of the socio economic status. Anemia was found in 20% 
urban girls in a study by D. S. Deo, 2004 . 
Agarwal , 1990, has documented prevalence of anemia as 46.6 % 
in pre menarcheal giris as against 48.4 % in post menarcheal giris, in a study done 
in North East Delhi. Another study done on Hyderabad urban girls by Vasanthi et 
al . , 1994, observed prevalence of 22% anemic subjects in pre menarcheal giris as 
compared to 27.8% post menarcheal giris in 11-16 age group. 
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The present study shows results other than the above mentioned 
studies , highlighting more prevalence in pre menarcheal girls . Out of 700 girls , 
19.3% anemic girls were found in post menarcheal population against 23.5% in pre 
menarcheal girls . Taking both groups together, the total percentage of anemic girls 
was found to be 42.8 %. 
Total prevalence of anemia in the present study was comparable to 
some other studies done in other parts of India. Sabita Basu , et al., 2002 , showed 
prevalence of anemia in Chandigarh as 23.9 % in adolescent girls and was related to 
nutritional status . Another study by Anuradha Shekhar, 2005 , showed prevalence of 
anemia as high as 54.6 % and also showed higher mean menarcheal age . Recent 
data from the District Nutrition Project (ICMR 2002) in 16 districts of 11 states , 
prevalence of anemia in non-pregnant adolescent girls (11 - 1 8 years) showed rates 
as high as 90.1 % . In a study by Kapoor and Aneja , 1992 , from public and 
government schools in Delhi, anemia was found to be 50.8 % among adolescent 
girls. Aganval et a l . , 2003 , in a government school based study from middle SES of 
North East Delhi reported a prevalence of anemia as 45 % . D . S . Deo and C . H . 
Ghattargi, 2004, reported total prevalence of anemia as 35.43 % in rural and urban 
adolescent girls (10 - 19 years). 
High rates of anemia ( 16 - 55 % ) in 6 of the 7 studies under 
ICRW 's Nutrition of Adolescent girls Research Program , in which it was assessed 
(Xurz et al . , 1994) that iron is needed for growth and iron supplementation of 
iron deficit children is known to promote growth in both post pubertal and pre 
pubertal children (Latham et al . ,1990). 
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Results from table XLVI-XLIX proved the fifth hypothesis that early 
matures have higher BP and low prevalence of anemia, at 0.05 level of significance. 
Distribution of mean mother's menarcheal age according to age 
and menarcheal status is shown in table L (figure 12). The mean mother's age at 
menarche of menarcheal girls was significantly lower than the mean mother's 
menarcheal age of their non menarcheal counterparts ( F = 3.79;P<0.01 ) . 
Table L- Relationship of mother's age at menarche and age according and 
menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
Menarcheal 
8 
33 
58 
89 
99 
113 
400 
Mean of mother's menarcheal age 
Mean 
11.4 
12.2 
12.5 
12.7 
13.2 
13.0 
12.8 
S.D. 
1.06 
0.73 
0.82 
0.73 
0.95 
0.81 
0.91 
Non-menarcheal 
108 
83 
59 
29 
21 
-
300 
Mean 
13.3 
13.2 
13.2 
13.6 
13.6 
-
13.3 
S.D. 
0.92 
0.93 
0.87 
0.73 
0.67 
-
0.89 
ANOVA : F^S.79 dfS ; P < 0.01 
On looking at the mean mother's age at menarche of menarcheal girls, 
it is clear that as the age increases, there is a gradual increase in mother's menarcheal 
age also . The mean of mother's age at menarche of non-menarcheal girls was found 
even higher. Findings ofthe present study are well in accordance with the findings of 
other authors showing that rate of maturation is influenced both by heredity and 
environment ( Tanner 1962 , and Tanner 1976 ) . According to Alan D . Rogol and 
Pamela A . Clark et al . , 2000 , a positive correlation has been found between 
menarcheal age of mothers and daughters. A study on the reproductive behaviour in 
women in Shiraz by T . Kazerooni and A . R . Talei et a l . , 2000 , also showed the 
same pattern. 
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Correlation between age at menarche of subject and mother's age at 
menarche was also found quite significant as given in Table LI (x^= 154.5 ,P<0.01) . 
Table LI - Correlation of mother's menarcheal age and age at menarche 
Age at menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
11 
10 
1 
11 
Mother's age at menarche 
12 
73 
80 
6 
159 
13 
6 
106 
20 
132 
14 
8 
41 
36 
85 
15 
6 
6 
12 
16 
1 
1 
Total 
103 
235 
62 
400 
X^= 154.5 dflO;P<0.01 
Distribution of mean SMR stages according to age and menarcheal status 
is depicted in Table LII (figure 13). The difference between the mean SMR stage of 
menarcheal and non-menarcheal girls was found to be highly significant (F=82.9 ; P<0.0l). 
Table LII - ANOVA for SMR stages (mean, S.D.) and age according to 
menarcheal status 
Age 
10 
11 
12 
13 
14 
15 
Total 
N 
8 
33 
58 
89 
99 
113 
400 
Menarcheal 
% 
1.1 
4.7 
8.3 
12.7 
14.1 
16.1 
57.1 
Mean 
SMR stage 
2.8 
3.4 
3.7 
3.4 
3.7 
3.8 
3.6 
S.D. 
0.35 
0.75 
0.60 
0.56 
0.76 
0.63 
0.67 
N 
108 
83 
59 
29 
21 
-
300 
Non-menarcheal 
% 
15.4 
11.9 
8.4 
4.1 
3.0 
-
42.9 
Mean 
SMR stage 
1.8 
1.8 
2.0 
2.2 
2.5 
-
1.9 
S.D. 
0.57 
0.56 
0.60 
0.49 
0.81 
-
0.62 
ANOVA : F = 82.9 df5; P < 0.01 
Correlation between the SMR stages and age at menarche as shown 
in Table LllI was also found to be statistically significant (x^= 14.92, P<0.05). It is 
clear from the table that most of the girls in all age group at menarche were either 
in stage IT! or stage IV, 
3^ cx^ 
Figure 13-Distribution of mean SMR stages 
age according to age and menarcheal status 
whether attained men 
iMenarcheal 
iNon-menarcheal 
10.00 11.00 12.00 13.00 14.00 15.00 
actual age 
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Table LUl- Correlation of SMR stages and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
No, of girls 
103 
235 
62 
400 
SMR stages 
11 
5 
3 
1 
9 
III 
36 
115 
18 
169 
IV 
51 
100 
37 
188 
V 
11 
17 
6 
34 
X^=-14.92 df6;P<0.05 
Due to inter population differences in the rate of maturation and 
growth there are many problems in the interpretation of adolescent anthropometric 
data. The WHO expert committee on anthropometry recommends that physical 
measurement of adolescents should be accompanied by puberty status assessment to 
properly interpret growth in this age group. A working knowledge of its 'onset', 
sequence and characteristics are pre requisites to the provision of effective 
comprehensive medical care to the adolescent (Gallager J. R., 1996). Sexual maturity 
rating (SMR) is assessed on the basis of breast and pubic hair growth in girls; 
which follows an orderly s^uence of development. The comparative data for mean 
age of attaining different SMR stages as reported by various authors in India and 
abroad is given in reviewof literature (page 35). It should however be txMne in mind 
that of these studies the studies done by Marshall and Tanners (1869), is the only 
longitudinal study ,while all others are cross sectional, and thM the age for attaining 
a particular SMR stage can only be detennined in a longitudinal study, However the 
mean age of girls in various SMR stages as found by some other authors (Marshall 
and Tanner 1969; Tripathy et al. 1985 ; in Varanasi etc.) are shown in table on page 
number 35 (review of literature). 
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On comparing various mean ages of attaining different SMR stages 
for the studies done in European countries, it is noted from Table 1 that the mean 
menarcheal are falls between SMR 4 and SMR 5. However, in Indian studies , the 
mean menarcheal age reported falls between SMR 3 and SMR 4 . Tripathy et a l , 
( 1985 ) has specifically highlighted this finding and in the present study also the 
mean menarcheal age falls between SMR 3 and SMR 4. This difference may be either 
due to the fact that menarche occurs later in European girls or because, the Indian/ 
Asian girls are backward as far as their sexual development is concerned. 
The &" hypothesis was also proved true (from table L-LIII) for 
both of it's variables at 0.05 level of significance. 
In the present study as shown in table LIV, maximum percentage 
of girls (28.3%) attained menarche at the mean age of 13.3 years . The percentage 
drops gradually as the mean age of attaining menarche decreases with minimum 
percentage of girls ( 2.0%) attaining menarche at the mean age of 9.9 years, From 
table I(xiv) , it was also found that the maximum percentage of girls attained 
menarche in the age group of 11.6-13.5 years ( 58.8%), followed by 9.6-11.5 
years (25.8%) and than 13.6-15 years (15.5%). 
Table LIV- DistributioQ of mean age at menarche according to age 
Age 
10 
11 
12 
13 
14 
15 
Total 
No. of girls 
8 
33 
58 
89 
99 
113 
400 
% 
2.0 
8.3 
14.5 
22.3 
24.8 
28.3 
100 
Mean age at 
menarche (yrs) 
9.9 
10.7 
11.5 
12.3 
12.7 
13.3 
12.36 
S.D. 
0.31 
0.35 
0.66 
0.58 
0.97 
, 0.94 
1.16 
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The overall mean menarcheal age in the present study was 12.36 ± 
1.16 years , which is comparable to various studies done on national and 
international level given in review of literature . The mean menarcheal age reported 
from the continents of North America, Europe and Africa vary from 12.05 years to 
13.91 years. The study done by Frisch R. E. and Revelle R. in 1973 reported mean 
menarcheal age of 12.44 years, which is well compared to the present mean. Mean 
menarcheal ages reported by Janita D . C . Chau and Chang ; China , 1999 ; and 
Klontza et a l . ; 1983 , Greece ( 12.05 years and 12.58 years respectively ) are also 
more or less comparable to the present study m e ^ of 12.36 years. A comparatively 
higher mean menarcheal age was reported from three different studies done in 
Nigeria by O . Fakeye , 1985 ; Dr . Srinivas et a l . , 2005 ; and C . I . Dcaraoha, 2005 
( 13.6 years ; 13.19 years and 13.89 years respectively ) because of lower socio 
economic conditions. S . Prakash and Pathmanathan G . , 1984 , from Sri Lanka also 
reported a higher tnean menarcheal age of 13.78 years. Studies from Hong Kong 
by Chang e t a l . , 1989 and from China Janita D. and Chang, reported comparatively 
lower mean ages at menarche (12.8 years and 12.05 years respectively) mainly due 
tohigherstandardoflivingandaffluent families. Study done in 2006 by SeUng-ICupku 
et a l . , on North Korean reftigee girls showed very high mean menarcheal age of 
16,0 ±2.1 years. This was because of poor dwelling and poor nutritional status as well 
as lower BMI. 
From India a wide range of mean ages at menarche has been 
reported by various authors, shown in review of literature, varying betweenl2.13 to 14.8 
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years , It is notable that a comparatively higher age has been reported in some 
studies from Madras (Logambal, 1979) and Punjab Gu^ar girls (Singh et al. ,1986) 
as 14.8 years . No specific explanation has been provided for these findings . 
However , a study done in Manipur (2005) by Th. Somola Devi, reported a meem 
menarcheal age of 14.03 ±0.12 years, high due to lower socioeconomic status of 
girls . Studies done in Chennai ( Subramanyam et a l . ,1998 ) ; Delhi ( Agarwal et al., 
1999) and Varanasi (Tripathy et a l . , 1985) reported mean menarcheal ages of 12.7 
years ; 12.13 years and 12.8 years respectively, which more or less compares with 
our mean of 12.36 years, 
The report of Nutrition Foundation of India (NFI) done in 1989 , 
stated mean menarcheal age of 12.4 years which is also equal to the present study 
figure . In the ICMR multi centric study (Agarwal , 1992 ) , a mean age of 12.6 
years was reported . In this study data from six different states of India was 
analyzed. Mean age of attaining menarche in all these studies is comparable to our 
mean , Studies by Anuradha Shekhar ( Mumbai, 2004) and Mahua Sen Gupta (West 
Bengal, 2003) reported comparatively higher mean menarcheal ages of 13.16 years 
and 13.2 years respectively. 
Disfribution of men^cheal girls according to age at menarche and 
the experience of pre menstrual symptoms ( PMS ) is shown in table LV . The 
correlation was found to be highly significant (5^ = 46.79 at df 12;P<0.01 ) . 
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Table LV - CorrelatJon of PMS(s) and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
No. of 
subjects 
103 
235 
62 
400 
i 
6 
17 
9 
32 
ii 
15 
23 
3 
41 
PMS (s)* present 
iii 
1 
10 
1 
12 
iv 
6 
10 
2 
18 
V 
S 
3 
11 
vi 
27 
13 
6 
46 
Total 
55 (53.4) 
81 (34.5) 
24 (38.7) 
160 
PMS (s) 
absent 
48 (46.6) 
154 (65.5) 
38 (61.3) 
240 
Total 
103 
235 
62 
400 
Numbers in ( ) show percentages 
X^ ^ 46.79 df 12; P <0.01 
It is clearly evident from the table that the total percentage of girls 
experiencing any or all of the symptoms (PMS) was higher ( 53.4% ) among the 
early maturing age group (9.6 - 11.5 years) as compared to the normal and late 
matures ( 34.5% and 38.7% respectively) . Comparing each of the age groups at 
menarche separately , it is notable that the number of girls experiencing PMS s was 
higher (53.4%) than the number of girls not experiencing PMS s (46.6%) among the 
early maturing age group. 
On the other hand, among the late maturing age group (13.6-15 
years) the percentage of girls experiencing PMS s was lower ( 38.7%) as compared 
to girls without PMS s (61.3% ) . These findings show that the early maturing girls 
experience more Pre Menstrual Symptoms as compared to the late matures . Some 
other authors also concluded similar findings . Patricia A . Deuster, 1999 , in his study 
showed that younger girls and girls with longer menstruation experience more 
PMSs. Another study by Barbara Stenford et a l . , 2002 , reported that younger age is 
generally related to increased number and severity of symptoms . Limited evidence 
has identified early age at menarche as a causative factor of PMS s . According to 
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Zarya Alexander Rubin and Normand Carry, 1999, age at menarche was earlier in 
adolescents experiencing depression as PMS s . Janita D . C . Chau and Chang Anne 
M . , 1999 , found a positive correlation between age and Pre Menstrual Syndrome. 
They showed a higher prevalence of PMS (45-50%) among late matures, contrary to 
other studies showing a negative correlation like Hargrove and Abraham, 1982 ; and 
Huerta - Franco and Malaeara, 1993. 
In an effort to develop effective treatment approaches , investigators 
have examined the influence of various socio economic and life style approaches. Of 
many studies conducted , only a few have been population based. 
Elizabeth R . Bertone - Johnson et a l . , 2005 , also studied the Pre 
Menstrual Syndromes and showed no effect of age at menarche but dietary intake 
of calcium and vitamins, more intake reduces the risk of PMSs. 
Barbara Stenford et al . , 2002 , showed high BMI (Body Mass Index) 
as a risk factor for one or the other specific symptoms of PMS s , contrary to the 
present study which sowed highest number (48) of PMS s experiencing girls at 
lowest BMI (15.9kg/m^at age 15 years ) as shown in Table LVI . 
Table LVI- Distribution of PMS (s) according to mean BMI and age 
Age 
10 
11 
12 
13 
14 
15 
Total 
Mean 
BMI(kg/m) 
18.2 
19.0 
18.1 
17.1 
18.7 
15.9 
17.5 
S.D. 
0.48 
0.51 
0.53 
0.52 
0.55 
0.50 
0.52 
i 
-
1 
1 
5 
11 
14 
32 
PMS (s)" 
il 
-
7 
-
13 
8 
13 
41 
iii 
-
-
2 
8 
-
2 
12 
present 
iv 
-
5 
-
2 
4 
7 
18 
V 
-
-
-
4 
1 
6 
11 
vi 
-
8 
10 
10 
12 
6 
46 
Total 
Present 
0 
21 
13 
42 
36 
48 
160 
Absent 
8 
12 
45 
47 
63 
65 
240 
Grand 
Total 
8 
33 
58 
89 
99 
113 
400 
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However, Table LVII shows that no significant correlation was found 
between BMI and the experience of PMS s (x^ = 19.3 ; P > 0.05 ) . 
Table LVII- Relationship of PMS (s)* and BMI of menarcheat girls 
BMI 
Under weight 
Normal 
Over weight 
Total 
PMS (s) present 
i 
17 
15 
32 
ii 
25 
16 
41 
iii 
9 
3 
12 
iv 
9 
9 
18 
V 
3 
8 
11 
vi 
13 
33 
46 
Total 
76 
84 
0 
160 
PMS 
absent 
116 
119 
5 
240 
TOTAL 
192 
203 
5 
400 
X^ =iP df 12; P >0.05 
* PMS(s): i - Headache and dizziness 
ii - Tension and nervousness 
iii -Anxiety and depression 
iv-Lack of appetite 
V -Anyother 
vi - All or more than 2 of above 
There is lack of sufficient literature available on any correlation 
between age at menarche and amenorrtiea prevalence. The present study showed a 
strong negative correlation between the age at menarche and amenorrhea according to 
table LVII 1 (figure 14), P value for ^ was found to be <0.01 (x^ = 26.31 at df 2 ) , 
which was highly significant. 
Table LVIII- Correlation of Amenorrhea and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
Amenorrhea Present / Absent 
Present 
47 
68 
5 
120 
% 
45.6 
28.9 
8.06 
30.0 
Absent 
56 
167 
57 
280 
% 
54.4 
71.1 
91.9 
70.0 
Total 
103 
235 
62 
400 
% 
100 
100 
100 
100 
/=2(J.ii df 2 ; P<0.01 
\^\ Ou 
Figure 14-Distribution of Amenorrhea prevaleni 
according to age at menarche 
age group at menarch 
19,6-11.5 
| l 1.6-13.5 
| l 3.6-15 
present 
Amenorrhea-P/A 
absent 
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The percentage of girls experiencing amenorrhea was 
comparatively much higher among the early menarcheal girls (45.6%) as compared 
to normal matures ( 28.9% ) and that of late menarcheal girls ( 8.06%) . the 
percentage of amenorrhea experiencing girls showed a decreasing trend with 
increasing age at menarche. It is also clear from table LVIII that the percentage of 
girls with amenorrhea absent increased with increasing age from 54.4% early 
matures to 71.1 % normal matures up to 91,9% late matures. 
Contrary to the present study , Raphelle Varraso et al . , 2004 , 
showed no significant relation between irregular cycles and age at menarche. BMJ -
2006 (women health journal ) reported factors like weight gain or loss , over 
exercise , emotional upsets, anxiety or stress, travel and dietaiy change known to 
influence amenorrhea. 
Distribution of amenorriiea according to age and calorie intake t day 
of menarcheal girls is depicted in table LIX . On applying Linear Regression 
Analysis, P value was found to be really significant ( F = 8.71 ; P < 0.001 ) . 
Although, no research has been found to date showing any possible correlation, 
our study showed a significantly high effect of total calorie intake on amenorrhea 
according to the age of menarcheal girls. 
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Table LIX - Linear Regression Analysis for amenorrliea and calorie intake according 
to age of menarcheat girls 
Age 
10 
11 
12 
13 
14 
15 
Amenorrhea 
P/A* 
P 
A 
P 
A 
P 
A 
P 
A 
P 
A 
P 
A 
Total 
<1000 
-
-
-
-
-
-
2 
-
5 
1 
-
2 
10 
Calorie 
1001-1900 
-
1 
14 
7 
8 
22 
23 
33 
14 
48 
15 
79 
264 
intake / day 
1901-2100 
4 
3 
3 
7 
3 
16 
7 
15 
3 
20 
4 
6 
91 
>2100 
-
-
2 
-
3 
6 
3 
6 
5 
3 
2 
5 
35 
Total 
4 
4 
19 
14 
14 
44 
35 
54 
27 
72 
21 
92 
400 
Linear Regression Analysis: F = 8.71 dfl; P <0.01 
* P = Present ; A = Absent 
The present study also showed a significant association between 
eating habits and amenorrhea prevalence (Table LX ;x^ = 26.1 ,P<0 ,01) . 
Table LX - Correlation of Amenorrhea and eating habits 
Eating habits 
Vegetarian 
Non-vegetarian 
Semi-vegetarian 
Total 
Amenorrhea 
Present 
27 
66 
27 
120 
% 
(6.8) 
(16.5) 
(6.8) 
(30.0) 
Absent 
131 
85 
64 
280 
% 
(32.8) 
(21.3) 
(16.0) 
(70,0) 
Total 
158 
151 
91 
400 
% 
(39.5) 
(37.8) 
(22.8) 
(100) 
X^=26.I df2;P<0.01 
A significantly higher percentage of non-vegetarian girls, 16.5%, 
experienced amenorrhea as against only 6.8% vegetarian and semi-vegetarian girls. 
The percentage of vegetarian giris not experiencing amenorrhea was highest (32,8%) 
as compared to 21,3 % non-vegetarian giris , This finding clearly shows that 
144 
vegetarianism lowers the risk of amenorrhea . Some research workers concluded 
significant correlation of amenorrhea and eating habits like David L . Kate, 2004 ; 
and Kagmin Zhu and Sandra Hunter et al . , 2003 , showing low prevalence of 
amenorrhea aslO % in vegetarians as compared to 30-40% non-vegetarians. 
The association between age at menarche and dysmenorrhea was 
found to be statistically insignificant as given in Table LXI ( P > 0.05 ) , contrary to 
the finding of the studies by Marjori Banks J. and Proctor M . L . et a l . , 2003 and 
Rostami Mariyam, 2007. They concluded that the severity of dysmenorrhea is 
significantly associated with duration of menstrual flow and age at menarche. 
Table LXI- Correlation of dysmenorrhea and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 1 
Absent 
39 
74 
30 
143 
Dysmenorrhea 
Mild 
36 
103 
23 
162 
Moderate 
24 
48 
8 
80 
Severe 
4 
10 
1 
15 
Total 
103 
235 
62 
400 
y^=8J df6;P>0.05 
The correlation between dysmenorrhea and BMI according to age 
at menarche is shown in table LXIl. On applying the linear regression analysis test, 
P value for F was found to be 0.45 which was totally insignificant, Also, none of 
the studies done showed any such possible correlation between BMI and 
dysmenorrhea according to age at menarche . A study done by Rostami Maryam, 2007, 
also showed no significant correlation between severity of dysmenorrhea and 
anthropometric measures. 
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Table LXn - Linear Regression Analysis for dysmenorrliea and BMI according to 
age at menarclie 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
BMI 
Under weight 
Normal 
Over weight 
Under weight 
Normal 
Over weight 
Under weight 
Normal 
Over weight 
Total 
Absent 
8 
31 
-
43 
29 
2 
22 
8 
-
143 
Dysmenorrliea 
Mild 
7 
29 
-
49 
53 
1 
14 
9 
-
162 
Moderate 
11 
13 
-
21 
26 
1 
6 
2 
-
80 
Severe 
3 
1 
-
7 
2 
1 
1 
-
-
15 
Total 
29 
74 
-
120 
110 
5 
43 
19 
-
400 
Linear Regression Analysis: F = 0.792 df 2; P> 0.05 
A significantly high degree of association was found between 
severity of dysmenorrhea and calorie intake as given in Table LXIII ( P < 0.01 ) . As 
seen in the table, in each category of dysmenorrhea (mild , moderate and severe ) 
the number of girls decreased as tlie total calorie intake increases. In the category 
of mild dysmenorrhea, the number of girls decreased from 104 in the low intake 
(1001-1900 kcal) to 33 girls in the category of normal intake , followed by only 24 
cases in high intakes of >2100 kcal. Same was the case with moderate and severe 
dysmenorrhea. Girls having severe degree of dysmenorrhea were found only among 
low calorie intake (1001 - 1900 kcal). 
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Table LXIII - Correlation of dysmenorrhea and calorie intake/day 
Dysmenorhea 
Absent 
Mild 
Moderate 
Severe 
Total Present 
Grand Total 
Calorie intake / day (kcal) 
<1000 
9 
1 
1 
10 
1001-1900 
85 
104 
60 
15 
179 
264 
1901-2100 
46 
33 
12 
45 
91 
>2100 
3 
24 
8 
32 
35 
Total 
143 
162 
80 
15 
257 
400 
X^=44.5 df9;P<0.01 
Distribution of severity of dysmenorrfiea according to protein intake 
is given in table LXIV . On applying 5^  test , P value was found to be <0.01 
which was quite much significant. 
Table LXIV- Correlation of dysmenorrhea and protein intake/day 
Dysmenorhea 
Absent 
Mild 
Moderate 
Severe 
Total Present 
Grand Total 
<40 
36 
28 
33 
1 
62 
98 
Protein intake / day (gm) 
40-57 
72 
81 
23 
11 
115 
187 
58-65 
24 
22 
14 
3 
39 
63 
>65 
11 
31 
10 
-
41 
52 
Total 
143 
162 
80 
15 
257 
400 
X^= 33.82 dfS ;P<0.01 
Association between dysmenorrhea and total iron intake/day was 
also found to be fairly significant as described in Table LXV (x^ = 14.2, P < 0,05). 
The number of girls experiencing mild dysmenorrhea decreased 
from 91 ( very low iron intakes - < 15 mg ) to 57 ( low iron intakes; 15 - 19 mg ) 
followed by only 14 (normal iron intakes; 20 - 28 mg ) . Also in the category of 
moderate dysmenorrhea, the number decreased from 39 to 31 followed by only 10 
girls, with the gradual increase in iron intakes . The number of girls experiencing 
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severe dysmenorrhea were mostly found in very low iron intakes ( 13 girls for 
<15 mg) as compared to low and normal iron intakes . This aspect was a relatively 
new finding as no relevant literature was found to date showing any such 
correlations on dysmenorrhea and dietary intake. 
Table LXV - Correlation of dysmenorrhea and iron intake/day 
Dysmenorrhea 
Absent 
Mild 
Moderate 
Severe 
Total Present 
Total 
Iron intake / day (mg) 
<15 
78 
91 
39 
13 
143 
221 
15-19 
60 
57 
31 
1 
98 
149 
20-28 
5 
14 
10 
1 
25 
30 
>28 
0 
-
Total 
143 
162 
80 
15 
247 
400 
X^= 14.2 df6 ; P < 0.05 
Correlation between age at menarche and medication during painful 
menstrual cycles is depicted in table LXVI. On applying Linear Regression Analysis, 
the P value for F was found to be highly significant (F = 46.2 ; P < 0.001) . The 
number of girls taking medicines during dysmenorrhea was comparatively much 
higher with 19 girls among the early maturing population (9.6 - 11.5 years) as 
compared to only 2 girls among the late matures (13.6-15 years). 
On comparing the percentages of dysmenorrheal girls separately in 
each age group at menarche , it is noted from table 66 that as the age of 
attaining menarche increases , the percentage of girls taking medicines decreased 
gradually from 29.7 % (early matures) to 23 % (normal matures) followed by only 
6.25 % (late matures). This trend showed a strong negative correlation between age 
at menarche and medicine intake during painful cycles . Side by side, the number 
of girls taking no medicines increases with increasing age at menarche . These 
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findings showed a significant correlation between age at menarche and medication 
according to dysmenorrhea. 
Table LXVI - Linear Regression Analysis for age at menarche and medication during 
dysmenorrhea 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
TO' 
Dysmenorrhea 
Absent 
Mild 
Moderate 
Severe 
Total 
Absent 
Mild 
Moderate 
Severe 
Total 
Absent 
Mild 
Moderate 
Severe 
Total 
FAL 
Medicines taken 
-
5 
14 
-
19 (29.7) 
-
14 
16 
7 
37 (23.0) 
-
-
2 
-
2 (6.25) 
58 (14.5) 
No medication 
39 
31 
10 
4 
45 (70.3) 
74 
89 
32 
3 
124 (77.0) 
30 
23 
6 
1 
30 (93.7) 
342 (85.5) 
Total 
39 
36 
24 
4 
64 (100) 
74 
103 
48 
10 
161 (100) 
30 
23 
8 
1 
32 (100) 
400 (100) 
Linear Regression Analysis: F = 46.20 df2; P <0.01 
Numbers in ( ) show percentages. 
Table LXVII shows the distribution of medicinal 
dysmenorrhea according to mother's literacy levels . x^  test showed 
correlation between the two variables (P > 0.05). 
intake during 
no significant 
Table LXVII - Correlation of medication during dysmenorrhea and mother's 
literacy level 
Medicines 
Taken 
Yes 
No 
Total 
Mother's literacy level 
illiterate 
1 
4 
5 
literate 
1 
18 
19 
SSC 
7 
78 
85 
SSSC 
15 
59 
74 
UG 
^ 21 
119 
140 
PG 
12 
43 
55 
Professional 
1 
21 
22 
Total 
58 
342 
400 
.2-X'=10J df6;P>0.05 
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Distribution of dysfunctional uterine bleeding (periods extending 
above 10 days) according to age at menarche as given in Table LXVIII showed no 
significant correlation by x^  test.P value was found to be 0.164 which was totally 
insignificant . 
Table LXVIII- Correlation of dysfunctional uterine bleeding and age at menarche 
Age at 
menarche 
9.6-11.5 
11.6-13.5 
13.6-15 
Total 
Dysfunctional Uterine Bleeding 
Present 
12 
15 
3 
30 
% 
3.0 
3.45 
0.45 
7.5 
Absent 
91 
220 
59 
370 
% 
22.7 
55.5 
14.7 
92.5 
Total 
103 
235 
62 
400 
% 
25.7 
58.7 
15.5 
100 
)^ = S.61 df2;P>0.05 
Some other researchers like Raphelle Varraso et a l . , 2004 , similar 
results showing no significant correlation between age at menarche and irregular 
menstrual cycles, although there is lack of available literature regarding this aspect. 
On the other hand, the association between calorie intake and dysfunctional bleeding was 
found to be fairly significant as shown in Table LXIX (x^  = 10.32 , P < 0.05 ) . 
Table LXIX- Correlation of dysfunctional uterine bleeding and Calorie intake / day 
Calorie intake 
(kcal) 
<1000 
1001-1900 
1901-2100 
>2100 
Total 
Dysfunctional Uterine Bleeding 
Present 
3 
21 
6 
3 
% 
30.0 
8.0 
6.6 
0.0 
0 
Absent 
7 
243 
85 
35 
% 
70.0 
92.0 
93.4 
100 
370 
Total 
10 
264 
91 
35 
40 
% 
100 
100 
100 
100 
0 
'^  = 10.32 df 3;P< 0.05 
It is quite evident from the table LXIX that the percentage of girls 
having dysfunctional bleeding showed a steady decline as the calorie intake 
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increased , from 30% to 8% followed by 6.6% and finally 0% at highest calorie 
intake . Simultaneously , the percentage of girls without any such dysfunctional 
bleeding increased with increasing calorie intake from 70% at lowest intake 
(< 1000kcal)upto 100% at highest calorie intake (>2100kcal). Distribution of 
calorie intake according to age of menarcheal girls and dysfiinctional uterine 
bleeding is given in table LXX . On applying the linear regression analysis , 
P value for F was found to be highly significant (F = 12.38, P < 0.01). 
Table LXX - Linear Regression Analysis for Calorie intake and dysfunctional uterine 
bleeding according to age 
Age 
10 
11 
12 
13 
14 
15 
Dysfunctional 
Uterine bleeding 
Present 
Absent 
Present 
Absent 
Present 
Absent 
Present 
Absent 
Present 
Absent 
Present 
Absent 
Total 
Calorie intake i 
<1000 
-
-
-
-
-
-
2 
-
-
6 
1 
1 
10 
1001-1900 
-
1 
2 
19 
3 
27 
5 
51 
7 
55 
4 
90 
264 
' day (kcal) 
1901-2100 
-
7 
2 
8 
2 
f 17 
1 
21 
-
23 
1 
9 
91 
>2100 
-
-
-
2 
-
9 
-
9 
-
8 
-
7 
35 
Total 
-
8 
4 
29 
5 
53 
8 
81 
7 
92 
6 
107 
400 
Linear Regression Analysis: F = 12.38 df 2; P < 0.01 
The above mentioned results (table LXIX and table LXX) clearly 
show that experience of menstrual bleeding for greater number of days is 
influenced by the daily dietary intakes . However, no research was found in 
support or against these results. 
The observed results from table LW-LXX prove that the 7* 
hypothesis was true for PMS and amenorrhea ; but disproved for dysmenorrhea 
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and dysfunctional uterine bleeding. Although dietary intake affected the above two 
variables. 
Table LXXI shows the variables which were found to be 
statistically significant on applying correlation test ( chi square) with age at 
menarche at 5% level of significance. The variables with P=0.00 are among the most 
significant factors. 
Table LXXI- Most signifiaintly correlated variables 
S.No. Correlation with age at menarche 
Variables Value of P (at 5%level of significance) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Religion 
Birth order 
Father's literacy level 
Father's occupation 
Mother's literacy level 
Income group 
Mean weight 
BMI 
Mode of feeding in infancy 
Eating habits 
Calorie intake 
Protein intake 
Iron intake 
Blood Pressure 
Anemia 
Heredity 
SMR Stages 
PMS 
Amenorrhea 
0.00 
0.006 
0.00 
0.00 
0.024 
0.001 
0.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.001 
0.004 
0.00 
0.00 
0.02 
0.00 
0.00 
Among the above mentioned correlated variables; religion, father's 
literacy level and occupation, BMI, mode of feeding in infancy, eating habits, calorie 
and protein intake, anemia and heredity were the most significantly correlated 
variables. Among the menstrual problems studied, PMSs and amenorrhea were 
found to be the most significant. 
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A stepwise multiple regression was performed to determine the 
combination of factors that best predicted age at menarche. The most confounding 
factors were found to be the total calorie intake, mode of feeding in infancy, 
BMI, eating habits and heredity (r*=0.151, F= 42.23, P<0.01). Table LXXII presents 
the individual contribution of significant factors to age at menarche. Total calorie 
intake / day (i^ =0.039) contributed the most to the regression variance followed by 
mode of feeding in infancy (r^=0.035), BMI ( r^ .032) , eating habits (r^=0.026) and 
heredity (r^=0.018). 
Table LXXII - Combination of factors that best predicted age at menarche 
S.No. 
1 
2 
3 
4 
5 
Factors 
Total calories / day 
Mode of feeding in infancy 
BMI 
Eating habits 
Heredity 
Total r^  
% contribution to the 
regression variance 
3.9 
3.5 
3.2 
2.6 
1.8 
15.1 
Beta 
-0.144 
0.183 
-0.211 
-0.247 
-0.343 
P value 
0.00 
0.00 
0.00 
0.00 
0.00 
Despite the various studies done on the different factors affecting age 
at menarche, there is lack of enough research regarding the above mentioned areas 
especially at the national level. 
Total calorie intake which was found to be the first among the most 
confounding variables, could be due to the fact that high calorie intakes leading to 
better nutritional status is related to higher BMI and weight gain which in turn 
affects age at menarche. In India, research is much confined regarding this factor, 
whereas studies from other parts of the world had revealed more or less similar 
results. According to Catherine S. Berkey et al (2000) girls taking higher energy 
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reached menarche earlier. Another study by Meyer et al (1990) on dietary and 
physical determinants of menarche found that higher dietary intake was highly 
associated with earlier menarche. Merzenich et ai (1993) concluded in their study 
that higher energy adjusted fat intakes are positively correlated with age at 
menarche. Sarah M. Phillips and Linda G. Bandini et al (2004) showed relationship 
between EDS (energy dense snacks) foods and obesity which alternately affects age 
at menarche. According to them, adolescents prone to EDS reach menarche earlier. 
According to Ofuya Z.M. (2003) in a study of age at menarche in Nigerian 
adolescent girls, from 2 different SES, total calorie intake /day was found to be the 
most significant factor. 
Second most confounding factor, found to be the mode of feeding 
in infancy i.e. breast feeding versus bottle feeding, is an important as well as the 
least explored factor especially from a country like India as well as abroad, 
probably due to the population biasing. According to the studies done on factors 
associated with age at menarche it is concluded that mode of feeding in infancy 
affects the adolescent weight and age of attainment of puberty signs, but there is 
limited research showing any direct relation ship with age at menarche, thus this area 
needs further in depth research . Ginna Wall, M. N. (2007), in their study revealed 
that breast feeding lowers risk of obesity and in turn increases the age at menarche. 
On the other hand some studies done so far in foreign countries concluded results 
contrary to results of the present study showing that breast feeding lowers the age 
at menarche and also the risk of ovarian cancer (Schneider A. P., 1987) .These 
contradictory reports enhance the importance of the need for fiuther in depth 
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detailed research studies. However, there is lack of research material regardii\g this 
area in the developing countries including India. Results of this study could help 
promote breast feeding among young mothers through nutritionists and health 
workers, which has a life long effect on child's health and thus would greatly 
help to develop a healthy nation. 
The third variable among the most confounding factors was 
found to be the BMI. Although various studies have been done in this area 
from different parts of the world showing a significant correlation between BMI 
and age at menarche, this factor was undertaken as a further need of in depth 
cross sectional and longitudinal studies was felt in the developing countries 
including India. The present study shows results similar to other studies on 
BMI. Shu Hui Chang et al (2000) and Ayatollahi et al (1999) showed that over 
weight and obesity promotes menarche. They also listed BMI among the most 
significantly correlated variables. Mary B. Pierce et al (2005) showed positive 
correlation between BMI and parity which in turn affected age at menarche. Similar 
to the present study, some authors showed a negative correlation between BMI and 
age at menarche like Geila S. Rozen, Gad Rennert et al (2001) and Raphael Varasso 
et al (2004) etc. Sarah E. Anderson also showed higher mean BMI for early 
menarcheal girls . Torres - Mejia, G. Cupul - Uicab, L., et al (2005), in a comparative 
study of correlates of early age at menarche among Mexican and Egyptian 
adolescents found BMI among the most significant variables. 
The fourth factor was found to be the eating habits i.e. 
vegetarian versus non-vegetarian. This factor was also considerably important to 
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be studied as it lacks sufficient research in India. Few studies to date from other 
parts of the world have shown that vegetarianism delays the age at menarche. 
According to Seung Kupku et al (2006) , non-vegetarian girls experience 
menarche at lower ages. Catherine S. Berkey et al (2000) that girls taking animal 
protein and less vegetables reach menarche earlier. American Diet Association (ADA) 
Report (2003) showed vegetarianism as among the primary factors which delays 
menarche. Table XXIX confirms these results showing a positive correlation between 
age and vegetarian eating habits of menarcheal giris. 
The last confounding factor predicting age at menarche was found 
to be the heredity. It was also found to be a comparatively less explored factor. 
Although there are chances of population biasing in a cross-sectional study, the 
importance of this factor in predicting age at menarche could not be neglected. 
Studies like Tanner (1962) and Tanner (1976), Alan D. Rogol and Pamela A.Clark 
et al (2000) showed a positive correlation between menarcheal ages of mothers and 
daughters. T. Kazerooni and A. R. Talei et al (2000), listed heredity as one of the 
most significantly correlated factors predicting age at menarche. This factor lacks 
sufficient literature from India as well as other developing and under developed 
countries. Sensitizing the population especially young ^ris and mothers on the 
importance of above mentioned most confounding factors is a suggestion to the 
existing menarcheal problems revealed in the study. 
Cdapter-S 
svomA^jnm ccmccvsioiN' 
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SUMMARY AND CONCLUSION 
The present study was conducted in Aligarh city, between October 2005 to 
October 2006 with an objective to know the mean age at menarche and its' 
associated correlates. 
Adolescent girls of 4 senior secondary schools in the age group 10-15 years 
were included in the study. A total of 700 adolescent students were selected out of 
which 400 (57.2%) girls had attained their menarche and 300 (42.8%) were non 
menarcheal. A detailed personal and family history, specially age of the girl, her age 
at menarche, mother's age at menarche was enquired into. Each girl was then 
subjected to a thorou^ physical examination with emphasis on anthropometric 
measures and Sexual Maturity Rating (SMR) stages. Each selected girl during a 
regular classroom hour was asked to fill in a preformed and modified questionnaire 
including the above mentioned details. 
For the assessment of nutritional status in the present study Body Mass 
Index (or Quetlet Index) was calculated (Kg/m^). The values of BMI given by ICMR 
were used to classify adolescents into underweight (BMI<Kg/m^), normal (BMI 18-12 
<g/m^) overweight (BMI 25-30 kg/m^) and obese (BMI >30kg/m^). A significantly high 
proportion of menarcheal girls were found underweight, only 5 girls were overweight 
and none of the subjects was found obese. Height and weight were analyzed and 
compared with ICMR norms (Aggarwal et al, 1992) and NCHS standards (2004). It 
was observed that girls who had attained menarche after the mean age (late 
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matures) had weight below the expected weights at the respective ages, while the 
early matures had weights above the expected values. On the other hand the mean 
weight of non menarcheal girls was found less than the expected values at all ages 
except 10 years. There was no significant difference found in the height of 
menarcheal and non-menarcheal girls of same age. 
A 24 hour dietary recall method of the previous day was utilized for the 
purpose of getting the dietary intake as this method is more likely to produce a 
reliable estimate of intake where a regular meal pattern is followed. Total intake of 
calories, proteins and iron was calculated on that basis. The differences between the 
calorie, protein and iron intakes of menarcheal and non-menarcheal girls was found 
to be statistically significant. Among the menarcheal girls, a significantly high 
proportion of girls (66%) had low calories intakes (Below average). Only 22,7% girls 
took proper calories. Mean intake of all nutrients among the early matures was 
significantly higher than the mean intake of late matures as well as the intakes of 
non menarcheal girls of same age. The mean intakes of iron fall short of ICMR 
standards irrespective of age and menarcheal status. 
The pubertal growth was assessed by means of Tanners (1976) stages of sexual 
Maturity rating (SMR). Majority of the menarcheal girls were found in the SMR stage III 
or IV, whereas the non menarcheal girls were found between stages I and III. 
For assessing the socioeconomic status (SES). B.C. Prasad method of 
socioeconomic classification (modified as per 2002) was used. The difference between 
the mean SES of menarcheal and non menarcheal girls was found to be statistically 
insignificant. 
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For assessing the presence of anemia, clinical examination was done and the girls 
were noted for the presence of pallor. A significant proportion of the selected girls ,31.8%, 
were found with mild anemia and 11% girls were moderately anemic. None of the girls 
were found with severe degrees of iron deficiency and 57.2% girls were free from any 
degree of anemia. 
In the present study the maximum percentage of girls (28.3%) attained menarche at 
the mean age of 13.3 years. The percentage drops gradually as the mean age of attaining 
menarche decreased with minimum percentage of girls (2%) attaining menarche at the 
mean age of 9.9. years. The overall mean menarcheal age in the present study was found to 
be 12.36 ±1.16 years. The literature reviewed showed wide ranging variation in the mean 
menarcheal age, both in India and Abroad. However the present finding compared well 
with most of the North Indian studies especially to a multi center ICMR (1992) study and 
NFI (1989) study. 
On analyzing the various problems faced at the time of menarche and after wards, it 
was found that age at menarche was strongly correlated with the presence of amenorrfiea 
and pre-menstrual symptoms (PMS). On the other hand, presence of painful menstrual 
periods (dysmenorrhea) and Dysftinctional uterine bleeding were not affected by age at 
menarche. 
Among the various variables studied the factors most significantly associated with 
age at menarche were religion, fathers literacy level and occupation, BMI, mode of feeding 
in infancy, eating habits and dietary intake of calories and protein, anemia and heredity. 
Hence, from the present study, the following conclusion could be drawn: 
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1. Age at menarche was strongly correlated with religion. The maximum % age of 
early menarcheal girls (77.6%) found among Muslim, and maximum % age of late 
menarcheal girls (64.5%) were found among Hindus. 
2. Age at menarche was positively correlated with father's literacy level and 
occupation. 
3. No significant difference was found between menarcheal and non menarcheal girls 
according to mother's education and working status. 
4. SES was also significantly associated with age at menarche. The number of 
girls in early maturing population increased with rising income group. 
5. The mean weights of both groups was found less than expected weights at 
all ages except for 10 years of age. 
6. Early menarcheal girls (9.5 - 11.5 years) showed maximum mean body weight of 
43.5 kg; 1.5 kg more than mean weight of normal menarcheal girls (11.6 - 13.5 
years). Late matures showed minimum mean body weight of 39.7 kg, 
approximately 4 kg less than the weight of early matures. 
7. The mean BMI of menarcheal girls was found higher than the mean BMI of non 
menarcheal girls of same age. 
8. 48% menarcheal girls were found underweight as compared to 78% among non-
menarcheal girls. 50.7% menarcheal girls were found with normal BMI as against 
only 22% non-menarcheal girls. 
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9. The prevalence of over weight was found to be 1.25% among menarcheal girls 
only. None of the subjects was found obese. 
10. The percentage of bottle-fed girls was highest among early matures (72.8%), 
whereas the percentage of breast-fed girls was highest among late matures (75.8%) 
as compared to early matures (27.1%) 
11. The percentage of non-vegetarian girls was high (16%) among early matures as 
compared to only 2.7% vegetarian. 
12. Mean calories intake of menarcheal girls was found significantly higher than mean 
intake of non-menarcheal counterparts. 
13. Among 400 menarcheal girls, only 22.8% took appropriate calories. 8.7% girls had 
above average calorie intake which constituted early menarcheal population. 
14. Only 15.8% menarcheal girls took average protein in their diets. Very low %age 
(7.5%) of girls took average iron. The mean intakes of iron fall short of ICMR 
standards irrespective of age and menarcheal status. 
15. The mean Blood pressure of menarcheal girls was found significantly higher than 
the mean B.P. of non menarcheal girl at same age. 
16. The number of girls experiencing anemia was found gradually increasing with 
increasing age of menarche. 
17. Out of 700 girls the prevalence of anemia was found to be 19.3% among 
menarcheal girls as compared to 23.5% non-menarcheal girls. 
18. Maximum numbers of menarcheal girls were found in SMR III or IV. 
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19. The mean age of attaining menarche in the present study was found to be 12,36 ± 
1.16 years. 
20. Early matures experienced more PMS (53.4%) as compared to normal and late 
matures (34.5% and 38.7% t^spectively). 
21. No significant correlation was found between BMI and PMS(s). 
22. Among 400 menarcheal girls, the prevalence of amenorrhea was foimd be 45.6% 
among early matures, 28.5% among normal matures and 8,06% among late 
matures. 
23. A significantly high percentage of non-vegetarian girls (16.5%) experienced 
amenorrhea as against only 6.8% vegetarians. 
24. Prevalence of dysmenorrhea was found to have no significant correlation with age 
at menarche, but was affected by total dietary intake. The number of girls 
experiencing dysmenorrheal decreased with increasing caloric, protein and iron 
intake. 
25. Among the 400 menarcheal girls, the prevalence of dysfunctional bleeding (periods 
extending above 10 day) was found to be increasing with decreased caloric intake. 
The %age of girls without dysfimctional bleeding mcreased fi"om 70% to 100% 
with increasing calorie intake. 
In the end it is worth noting that there is lack of research literature on various 
factors affecting menarcheal age especially weight, height, BMI and SMR stages reported 
from India. Also there is lack of enough research on aspects like prevalence of amenorrhea. 
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dysmenorrhea! and age at menarche. These factors are least explored in Indian. It is 
therefore suggested that more longitudinal and semi longitudinal studies should be 
undertaken to establish the complex relationships and cope with various problems at this 
critical age. 
The results of the present study may be used as guidelines for nutrition and health 
promotion in girls of menstruating age. Improved understanding of the patho-physiology of 
menstrual cycle may result in the discovery of more effective treatment regimens. 
Lmivmo^fs yam commjii^fis 
163 
LIMITATIONS AND CONSTRAINTS 
Although every possible effort was made to get the correct information, 
the following limitations were noted : 
1. It was also found difficult to physically examine the girls in the school due to the 
embarrassment felt by most of the girls and the veil of secrecy tfiat surrounds 
menarche. Therefore, pictorial representations of the SMR were used. Sexual and 
reprcxiuctive education should thus be included in sch(M)l cunicuium. 
2. In relation to the mode of feeding in infancy (breast feeding vs formula feeding), 
there were possibilities of the results being biased, as it was based only on the 
mother's recall. 
3. The researcher had to rely only on clinical assessment of the pallor for anemia as it 
is not permitted to get blood s^nples for biochemical analysis except under the 
observation of some medical practitioner. 
4. A 24 hour dietary recall was employed as it is found equally effective where 
a regular meal pattern is followed. It is difficult for young girls to recall 3 
days or 7 days previous diet, and also the children in this age group lack the 
required concentration. 
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RECOMMENDATIONS 
After analyzing the results of the study it was found that despite the 
improvement in the economy, the provisions of basic services, and much pioneering work 
done on adolescent growth during recent years, there is lack of knowledge on different 
aspects of adolescent development, especially the secondary sexual characteristics in 
developing countries like India. Due to this reason, the following recommendations were 
made: 
1. More longitudinal, semi - longitudinal, as well as cross sectional studies should be 
under taken to establish complex relation ships and to cope with various problems 
of this critical age. 
2. There is an urgent need to mount programmes for early detection and timely 
prevention of various health problems of adolescent girls. 
3. Holistic approaches should be done to aim at meeting the developmental needs of 
adolescent girls to promote social change. 
4. Nutrition and health promotion in adolescent girls should be brought through 
education of parents, family and the decision makers at local, national and 
international levels. 
5. Resources should be invested in adolescent giris as is a sound economic, socio-
political and public health strategy and is cost effective in the long run. 
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6. All the necessary efforts should be made to break the vicious cycle of malnutrition, 
infant's and adolescent mother's mortality and morbidity to produce a healthy 
nation. 
7. More studies should be undertaken to know the rate at which girls progress through 
the stages of puberty, the relation ship of one event to another and the association 
with occurrence of menarche as it lack the attention it actually deserves in the 
developing countries. 
8. The school systems should impart sexual and reproductive health education to 
adolescents. 
9. Programmes should be implemented to enable girls to acquire skills in ttaditionally 
male dominated vocations to improve gender sensitivity. 
10. Parents especially mothers should not hesitate to discuss various menstrual 
problems , to explain initiation of menarche and various secondary sexual 
characteristics, so that the adolescent giri does not feel herself as impure, dirty or 
unholy. 
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APPENDICES 
APPENDIX 1 (a) 
Father's Edacational Qualification: 
1. Illiterate 
2. Literate 
3. Secondary School 
4. Senior Secondary School 
5. Under Graduate 
6. Post Graduate 
7. Professional 
(ability to read and write) 
(Class X) 
(Class XII) 
(B.A., B.Sc, B.Com) 
(M.A., M.Sc, M.Com) 
(M.B.B.S., Engg, M.BA., B.Ed.) 
Father's Occupation: 
1. Jobless 
2. Unskilled labour 
pullers etc). 
3. Skilled Labour 
4. Professional 
5. Business class 
APPENDIX 1 (b) 
(JL) (No Job) 
(UL) (Labourers, Shopkeepers, Vendors Rikshaw 
(SL) (Carpenters, Painters, Electrician, Masons etc). 
(PR) (Doctor's, Engineer etc). 
(BS) (Business men). 
(Source: Dixit, J.V.; Principles and practices of Bio-statistics; second edition; 2003). 
APPENDIX 2 (a) 
Mother's EdacatioDal Qualificatioa 
1. Illiterate 
2. Literate 
3. Secondary School 
4. Senior Secondary School 
5. Under Graduate 
6. Post Graduate 
7. Professional 
(ability to read and write) 
(Class X) 
(Class XII) 
(B.A., B.Sc, B.Com) 
(MA., M.Sc, M.Com) 
(M.B.B.S., Engg., M.BA., B.Ed.) 
Mother's working status: 
1. Working 
2. Non working 
3. Professional 
APPENDIX 2(b) 
(WK) 
(NW) 
(PR) 
(Source: Dixit, J.V.; Principles and practices of Bio-statistics second edition; 2003). 
APPENDIX 3 
B.G. Prasad's Metihod of Social Classification: 
Social Class 
I 
11 
III 
IV 
V 
Suggested by 
>100 
50-99 
30-49 
15-29 
<15 
Up dated by 1990 
1000 
500 - 999 
300-499 
150-299 
<150 
2002 
10,000 
5000 - 9999 
3000-4999 
1500-2999 
<1500 
(Source: T, Bhaskar Rao; Sociology in Medicine; 2002) 
APPENDIX 4 
1. Ranges of BMI (Wt/T) by ICMR (2002) 
BMI (Kg/m )^ 
<18 
18-25 
25-30 
>30 
Classification 
Under weight 
Normal 
Over weight 
Obese 
(Source: Khanna, Kumud, Text book of Nutrition and Dietetics, Elite Publishers, 2005) 
2. BMI classification by James (1988) & Luizy (1992) 
BMI classification 
<16.0 
16.0-17.0 
17.0-18.5 
18.5-20.0 
20.0-25.0 
25.0 - 30.0 
>30.0 
Presumptive diagnosis 
Chronic energy deficiency Grade III (severe) 
Chronic energy deficiency Grade 11 (Moderate) 
Chronic energy deficiency Grade I (mild) 
Low weight - Normal 
Normal 
Obese Grade I 
Obese Grade II 
3. The IndiaD JoHrnal of Nutrition and Dietetics classificatiott 
based on BMI (2003) 
BMI (Kg/m )^ 
<18.5 
18.5-24.9 
25.0 - 29.9 
30.0 - 34.9 
35.0 - 39.9 
40 or higher 
Classification 
Under weight 
Normal 
Pre Obese 
Obese class I 
Obese class II 
Obese class III 
Associate healtii risks 
Low risk 
Average 
Increased 
Moderately Increased 
Severely Increased 
Very severely increased 
(Source: WHO, 1998) 
4. (Garrow & James 1978) 
Grade 
Not obese 
Grade 1 
Grade II 
Grade III 
BMI(KgW) 
25 
25 - 29.9 
30-40 
40 
(Source: Khanna, Kumud, Nutrition and Dietetics,2005) 
APPENDIX 5 
Classification of Anaemia 
Anemia 
Grade I 
Grade II 
Grade III 
Grade IV 
Classification (pallor) 
+ (mild) 
+ + (moderate) 
+ + + (Severe) 
+ + + + (extremely severe) 
(Source: Guthrie A. H.; Introductory Nutrition; 6 edition, 1986) 
APPENDIX 6 
Adolesscent BP levels 
BP mm Hg 
Systolic 
Diastolic 
Normal average 
Male 
119±13 
75 ±10 
Female 
]11±12 
72 ±10 
Persistent levels suggesting hypertension 
= > 28.D above the mean 
Systolic 
Diastolic 
>145 
>95 
>135 
>92 
Persistent levels warranting follow up 
= > 1 S.D. above the mean 
Systolic 
Diastolic 
>132 
>85 
>123 
>82 
(Source: Adolescent health care, Hofinann, 1983) 
APPElSfDIX? 
Five SMR stages as given by Tanner (1976) 
Breast Stages 
1. Pre adolescent - elevated papilla. 
2. Bud stage, papilla elevated as small mound, areola diameter increases. 
3. Areola enlarge but no contour separation. 
4. Contour of breasts well defined. Areola and papilla form secondary mound. 
5. Mature breast. Areola recedes into general contour of breast. Papilla projects as 
nipple. 
Public Hair Stages 
1. Pre adolescent no public hair 
2. Sparse lightly pigmented, spread to medial border of labia. 
3. Pigmentation of hair increases. These begin to curt and spread. 
4. Public hair continue to curl and become coarse in texture. 
5. Adult feminine triangle spread to medical surface of thighs. 
(Source: Tanner, J.M.; Growth at adolescence l^ Edition, Black well oxford 
publishers, 1976) 
APPENDIX 8 
Tanner Staging 
Girls: Breast Devetopment 
Stage I Pteadolescent. ElevatioQ of papilla only 
Stage II Breast bud stage. Elevation of breast and 
papilla as small mound. Enlargement of 
areolar diameter. I i 
Stage III Furtber enlargement and elevation of 
breast and areola with no separation of 
their contours. ' 
Stage IV Pipjeaion of areola and papilla to form a 
secondary mound above the'levei bf (he 
breast • ' 
Stage V Mature stage. Projection of papilla only 
caused by recession of the areola to the 
general contour of the breast. 
y r 
III 
IV 
Both Sexes 
Stage 1 
{ 
Stajgeil 
r 
Stage III 
Stage IV 
Stage V 
rvif 
Pubic Hair 
Preadolescent The veilus over [Ye pubes is 
not further developed than that ever (he 
abdominal wall, that ts, no pubic hair 
Sparse growth of long, shghtly pigmented 
downy h^r. straight at curled, clucfly at 
the base of the penis or along the labia,'' 
Considerably darker, coarser, ani more 
curled The hair spreads sparsely ov^ die 
junction of the pubes. 
Hair now adult in type, but area covered is 
still considerably smwcr than in the adult. 
No spread to the medial surface of the 
thighs 
Adult in quantity and type with clistnbution 
of the honzontal (or classically "reminioe") 
pattern. Spread to medial surface of t h ^ 
but not up Iinca alba or elsewhere above 
the base of the in\erse tnangle (spread up 
Iinea alba occurs late and is Stagt VI) 
APPENDIX 9 
Questionnaire 
I. GENERAL INFORMATION 
1. S.No. 
2. School Name 
3. Class With Section 
4. Name 
5. Date of birth 
6. Age 
7. Birth order -1/2/3/4/5/ 
8. Number of siblings 
Brother(s) 
Sisters) 
9. Mode of Nutrition during infant^ 
(a)Breast fed/Bottle fed 
(b)Dur8tion of breast feeding 
10.Was breast feeding partial or exclusive 
llA^ddress-
12.Reiigion -
13.Soci8l Class -
14.Place of birth-
U. FAME.Y BACKGROUND 
15.Naine of father 
16.£ducation of father 
n.Occupation 
ISJVIonthfy income 
19.Name of mother 
20,Education of mother 
21.0ccupation 
Jl2.Montbiy income 
23. Other members of the family: 
Relationship 
a) 
b) 
c) 
d) 
Education Occupation MJncome 
24.Total monthly income 
III. ANTHROPOMETRY 
25. Height 
26. Weight 
27. Body mass indei - Kg/m^ 
<18 / 18-25 
(Below normal) (Normal) 
/ 25-30 
(Above normal) 
/>30 
(Obese) 
28. Clinical Symptoms of presence of iron deficiency anemia: 
Colour of nails -
Colour of skin of palms -
Colour of inner side of eyes & comers of eyes -pale conjuctiva 
Shape of nails - brittle, longitudinally rigid and spoon shaped 
Buccul cavity - pale gums, wasting of all papilla of tongue 
Lips - damage of all proliferating tissues especially corner of the 
mouth 
IV. DIET SURVEY 
29. Are you pure v^etarian/Nonv^etarian or oligo v^etarian? 
30. What is your daify meal pattern? 
2 times / 3 times / 4 times per day 
31. Do you slop meals often? Why 
Lack of time / Lack of ^ petite / Lack offood of your choice 
32. Do you go out to eat? How often? 
33. Do you like to eat snacks between meals? What kind of snacks? 
34. Give a 24 hours diet recall of previous day 
Meal Menu 
(with 
amount) 
(Household 
measures) 
Ingredients Amount 
(gni) 
Calories Protein Iron 
V. HISTORY OF MENSTRUAL CYCLE 
35. When did you get your first menstrual period (Age at menarche) 
36. Have you experienced a long gap between menarcbe (first M.C.) 
and regular menstrual cycles? (Primary ammenorhoea) 
After 3 months / 4-6 months / 6 months & above. 
37. What is the duration of bleeding? (Presence of dysfunctional uterine bleeding) 
3 days / 3-5 days / 5-7 days / 7 days & above 
38. Do you experience any pain during your menstrual cycle? (Oysmenorrhoea) 
No pain / Mild pain / Moderate / Severe pain 
39. Do you skip school due to painful menstrual periods? 
40. Do you feel any change in appetite during menstrual cycle? 
Feel more hungry / normal/ loss of appetite 
41.Do you take any medicines during periods?If yes,which one? 
42. What is your normal length of menstrual cycle--- (gap between last day of 
previous M.C. and 1** day of next menstrual cycle) 
<21days /22-24days /25-28days />28days 
43. Do you experience any of their premenstrual symptoms (PMSs) $-4 days before 
onset of menstruation? 
Weight gain -
Swelling of fingers -
Bloated feeling of abdomen & breasts -
Headache & IMzziness -
Palpitation -
Tension & Nervousness -
A.nxiety & Depression -
Lack of appetite-
Any other -
44. Family history of age at menarche -
Age of mother -
Sister(s)-
45. Axillary's hair Present / Absent -
46. Pubic hair Present/Absent Stage 
47. Breast examination 
SMR Stage Justification 
APPENDIX 10 
Recommended dietary allowances for average bealtfay growing Adolescents 
Groups 
Boys 
Girls 
Boys 
Girls 
Age 
10-12 yrs 
10-12 yrs 
13-15 yrs 
13-15 yrs 
Net energy 
2190kcal/d 
1970kcal/d 
2450 kcal/d 
2060kcal/d 
Protein 
54g/d 
57g/d 
70g/d 
65g/d 
Caiciam 
600 mg/d 
600mg/d 
600 mg/d 
600 mg/d 
Iron 
34 mg/d 
19 mg/d 
41 mg/d 
28 mg/d 
(Source: Gopalan C , B.V. Rana Shashi & S.C. Bala Subramanian; Nutritive 
Value of Indian Foods; NIW; ICMR; 2004.) 
CASE REPORT 1 
Saher is 15 years old and the student of class IX *. She belongs 
to the LMIG, her father is a shop keeper while her mother is a house wife. She 
is the third child of her parents. Analysis of the anthropometric data indicated 
that she was grossly under weight. Her weight and height (39 kgs and 151 cms 
respectively) were found lower than the ICMR and NFHS standards. She was an 
exclusively breastfed child with non vegetarian eating habits. On analyzing her 
dietary intake it was observed that the intake of all the nutrients and food groups 
was very low. The total per day intake of calories proteins and iron were lower 
than the RDAs for her age group. Her blood pressure was normal whereas, she 
was found to be moderately anemic. 
Results of the study concluded that Saher is in SMR stage III. 
She had reached her menarche 5 months back at the age of 14.3 years. Her 
mother's menarcheal age was found to be 13 years. She had not exp«"ienced 
amenorrhea, but was found with lack of appetite , bloated feeling of abdomen 
and breasts and anxiety and depression as the PMSs. Lack of appetite often led 
her to skip meals during her menstnial periods. Further analysis showed that she 
experienced severe dysmenorrhea which disturbed her daily activities as well as 
the school attwidance during her periods. She also had heavy meistrual bleeding 
lasting for 5- 7 days. In spite of ha" pathetic condition she had never seen a 
doctor or used any analgesics or painkillers for her problems. Her mother was 
illiterate and considered these as norma) for giris and thus never allowed her to 
use medicines. 
DISCUSSION : Analysis of the case report confirms the results of the present 
study. The mothers should be literate enough to consider the problems and should 
use analgesics and pain killers to relieve heavy pain during dysmenorrhea. 
Skipping of meals should be avoided as it aggravates the problems of menstrual 
periods as well as the pre existing anemia. A nutritious and healthy diet should be 
provided with special attention during these critical days to relieve the symptoms 
of dysmenorrhea and Pre Menstnial Symptoms. 
CASE REPORT 2 
Nazish is 13 years old and a student of class IX*. She belongs to 
the Higher MIG, her father is doctor while her mother was a school teacher. She 
is the second child of her parents. The anthropometric measurements indicated that 
her BMJ was normal. Her wei^t was found to be 41 kgs whereas her height was 
152 cms, showing values higher than the ICMR and NFHS standards. She was an 
partially bottle fed child as her mother was a working lady and don't have time 
to breast feed her for a longer duration. Her eating habit is non-vegetarimi. Analysis 
of the dietary intake revealed that her diet was appropriate for some food groups 
except for milk and fruits which was found to be slightly high. There was lack 
of vegetables especially the green leafy vegetables in her diet. She followed a 
regular meal pattern with no skipping of meals in between. The total per day 
intake of calories and proteins was calculated out to be appropriate as according to 
the RDA for her age. On the other hand the intake of iron was found to be low. 
Her blood pressure was found to be normal, whereas the clinical observations 
showed presence of mild anemia. 
The subject was found in the SMR stage IV. She had reached her 
menarche six montiis back at the age of 12.2 years. Her moUier's menaxheal age 
was found to be 13 years. She had experienced amenorrhea during the first four 
months after menarche. She was found with lack of appetite, swelling of abdomen 
and legs and tension among the PMSs. Further analysis showed that she 
experienced mild dysmenorrhea, and had never used any kind of analgesics or pain 
killers for that. 
DISCUSSION : Analysis of the results revealed that the subject has reached 
menarche at normal age mainly due to the higjier weight and normal BMI and 
because of the proper dietary intake of calories and proteins. No severe problems 
of the menstrual cycle were observed because of the normal age of attaining 
menarche. 
CASE REPORT 3 
Divya is 14 years old and a student of class VIII*. She belong to 
the Middle Income Group. Her father is a painter while her mothra* is working as 
a clerk in a school. She is the second child of her parents. Analysis of her 
anthropometric data revealed that she is under weight. Her height was found to be 
148 cms while her weight was 37 kgs, both below the levels given by ICMR as 
well as NFHS standards. She was a primarily breast fed child. Her mother Iweast 
fed her only up to the age of 6 months. She is a vegetarian. Analysis of the 
dietary intake showed that the intake of cereals, iruits and fats was very low in 
her daily diet. She is in a habit of skipping breakfast due to lack of appetite mid 
often lack of time. The total intake of calories, proteins and iron was found to be 
lower than the RDAs. Her Blood Pressure was low, and she was found with mild 
anemia. 
Results of the study indicated that Divya was in SMR stage II. She 
had not reached her menarche as yet. Her mother's moiarcheal age was found to 
be 14 years. 
DISCUSSION : Results of the case report indicated that the subject had not 
reached menarche probably due to lower BMI and lower dietary intake of calories 
and proteins in h ^ diet. Also she was in SMR stage II. She is mainly bottle fed and 
was only partially breast fed during the first few montfis of her infancy. 
CASE REPORT 4 
Sara is 11 years old and a student of class Vl''^ . She belongs to 
the High Income Group, her father is a business man while her mother was a 
doctor. She is the only child of her parents. The anthropometric measurements 
indicated that she is over weight. Her weight was found to be 55 kgs whereas her 
height was 145 cms, showing values much higher than the ICMR and NFHS 
standards. She was an exclusively bottle fed child as her mother was a working 
lady and don't have time to breast feed her. Her eating habit is non-vegetarian. 
Analysis of the dietary intake revealed that her diet was appropriate for some 
foods except for milk, sugars and fruits which was found to be greatly high. 
There was lack of vegetables especially the green leafy vegetables in her diet. 
She followed a regular meal pattern with quite high amounts of snacking in 
between meals. The total per day intake of calories and proteins was calculated out 
to be higher than the RDA for her age. The intake of iron was found to be 
proper. Her blood pressure was found to be slightly higher than the normal, 
whereas the clinical observations showed no anemia. 
The subject was found in the SMR stage III. She had reached her 
menarche four months back at the age of 10.7 years. Her mother's menarcheal 
age was found to be 13 years. She had experienced amenorriiea during the first 
two months after menarche. She was found with lack of appetite, severe pain in 
abdomen and legs and tension and nervousness among the PMSs. Further analysis 
showed that she experienced no dysmenorrhea. 
DISCUSSION : Analysis of the results revealed that the subject has reached 
menarche earlier mainly due to the higher wei^t and higher BMI and also 
because of the higher dietary intake of calories and proteins. The subject was 
found with quite profound Pre menstrual symptoms due to the earlier age of 
attaining menarche, confirming the results of the present study. 
